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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an active matrix display low in power 
consumption and having multifunction by providing a structure aggregated 
with plural rod-like or flat rod-like crystals grown in nearly parallel to each 
other with directionality to plural TFT silicon thin films constituting a pixel 
matrix circuit, a driver circuit and a logic circuit. 

SOLUTION: This display is constituted by arranging a pixel matrix circuit 102 
including plural source lines, gate lines and plural TFTs, a driver circuit 
including a source line driver circuit 103 and a gate driver circuit 104 and a 
logic circuit 105 for processing a signal required for driving the driver circuit 
and the signal containing image information transmitted to a pixel matrix part 
on the same board 101. Then, the pixel matrix circuit 102, driver circuit and 
logic circuit 105 are constituted of plural TFTs by a crystal silicon thin film. 
At this time, the silicon thin film is provided with the crystal structure 
aggregated with plural rod-like or flat rod-like crystals grown in nearly 
parallel to each other with the directionality. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, In the active-matrix 
display constituted by arranging the logical circuit which processes the signal containing the image 
information transmitted to a signal required since said driver line is driven, and said pixel matrix section 
on the same substrate Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more 
TFT(s) depended on the silicon thin film which has crystallinity. Said silicon thin film mutual — outline 
parallel — and two or more cylindrical or active-matrix displays which are characterized by having the 
crystal structure to which a flat cylindrical crystal comes to gather which grew with directivity. 
[Claim 2] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, In the active-matrix 
display constituted by arranging the logical circuit which processes the signal containing the image 
information transmitted to a signal required since said driver line is driven, and said pixel matrix section 
on the same substrate Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more 
TFT(s) depended on the silicon thin film which has crystallinity. It is the active-matrix display which 
constitutes said silicon thin film and which is characterized by cylindrical or for a crystal lattice standing 
in a row continuously, and being able to consider substantially that the interior of a flat cylindrical 
crystal is a single crystal for a carrier. 

[Claim 3] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, In the active-matrix 
display constituted by arranging the logical circuit which processes the signal containing the image 
information transmitted to a signal required since said driver line is driven, and said pixel matrix section 
on the same substrate Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more 
TFT(s) depended on the silicon thin film which has crystallinity. The subthreshold level multiplier of two 
or more of said TFT(s) is a active-matrix display whose N channel mold TFT and P channel mold TFT 
are characterized by being 60 - 100 mV/decade. 

[Claim 4] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, In the active-matrix 
display constituted by arranging the logical circuit which processes the signal containing the image 
information transmitted to a signal required since said driver line is driven, and said pixel matrix section 
on the same substrate Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more 
TFT(s) depended on the silicon thin film which has crystallinity. The dimension of two or more of said 
TFT(s) The active-matrix display characterized by differing according to the electrical property which 
the circuit which consists of these two or more TFT(s) requires. 

[Claim 5] The pixel matrix circuit constituted including two or more source line, two or more gate lines. 
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. and two or more TFT(s) at least. The driver line which contains at least the gate line driver line which 

* 

drives the source line driver line which drives said source line, and said gate line, In the active-matrix 
display constituted by arranging the logical circuit which processes the signal containing the image 
• information transmitted to a signal required since said driver line is driven, and said pixel matrix section 
on the same substrate Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more 
TFT(s) depended on the silicon thin film which has crystallinity. The channel length of two or more of 
said TFT(s) and/or the thickness of gate dielectric film are a active-matrix display characterized by 
differing according to the electrical property which the circuit which consists of these two or more 
TFT(s) requires. 

[Claim 6] The active-matrix display characterized by the electrical properties which a circuit requires 
being drive frequency and operating voltage in either of claims 4 and 5. 

[Claim 7] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, In the active-matrix 
display constituted by arranging the logical circuit which processes the signal containing the image 
information transmitted to a signal required since said driver line is driven, and said pixel matrix section 
on the same substrate Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more 
TFT(s) depended on the silicon thin film which has crystallinity. The thickness of the gate dielectric film 
of TFT with which the drive frequency needed among said two or more TFT(s) constitutes the circuit 
more than 0.1 GHz is below 500 **. The thickness of the gate dielectric film of TFT which constitutes 
the circuit where the operating voltage to need exceeds 10V is a active-matrix display characterized by 
being 1000A or more. 

[Claim 8] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, In the active-matrix 
display constituted by arranging the logical circuit which processes the signal containing the image 
information transmitted to a signal required since said driver line is driven, and said pixel matrix section 
on the same substrate Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more 
TFT(s) depended on the silicon thin film which has crystallinity. The active-matrix display characterized 
by the RF actuation mold TFT and the high proof-pressure actuation mold TFT existing in said two or 
more TFT(s) simultaneously. 

[Claim 9] It is the active-matrix display which the thickness of said RF actuation type TFT of gate 
dielectric film is below 500 **, and is characterized by the thickness of said high proof^pressure 
actuation type TFT of gate dielectric film being 1000A or more in claim 8. 

[Claim 10] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, In the active-matrix 
display constituted by arranging the logical circuit which processes the signal containing the image 
information transmitted to a signal required since said driver line is driven, and said pixel matrix section 
on the same substrate Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more 
TFT(s) depended on the silicon thin film which has crystallinity. The active-matrix display characterized 
by including at least two kinds of circuits where drive frequency differs from operating voltage in two or 
more circuits which constitute said pixel matrix circuit, a driver line, and a logical circuit. 
[Claim 11] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, The logical circuit 
which processes the signal containing the image information transmitted to a signal required since said 
driver line is driven, and said pixel matrix section, In the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
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. "active-matrix substrate and this active-matrix substrate which have been arranged on the same 
substrate, and are arranged Said pixel matrix circuit, a driver line, and a logical circuit consist of two or 
•more TFT(s) depended on the silicon thin film which has crystallinity. Said silicon thin film mutual — 
outline parallel — and two or more cylindrical or active-matrix displays which are characterized by 
having the crystal structure to which a flat cylindrical crystal comes to gather which grew with 
directivity. 

[Claim 12] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line. The logical circuit 
which processes the signal containing the image information transmitted to a signal required since said 
driver line is driven, and said pixel matrix section, In the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
active-matrix substrate and this active-matrix substrate which have been arranged on the same 
substrate, and are arranged Said pixel matrix circuit, a driver line, and a logical circuit consist of two or 
more TFT(s) depended on the silicon thin film which has crystallinity. It is the active-matrix display 
which constitutes said silicon thin film and which is characterized by cylindrical or for a crystal lattice 
standing in a row continuously, and being able to consider substantially that the interior of a flat 
cylindrical crystal is a single crystal for a carrier. 

[Claim 13] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, The logical circuit 
which processes the signal containing the image information transmitted to a signal required since said 
driver line is driven, and said pixel matrix section, In the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
active-matrix substrate and this active-matrix substrate which have been arranged on the same 
substrate, and are arranged Said pixel matrix circuit, a driver line, and a logical circuit consist of two or 
more TFT(s) depended on the silicon thin film which has crystallinity. The subthreshold level multiplier of 
two or more of said TFT(s) is a active-matrix display whose N channel mold TFT and P channel mold 
TFT are characterized by being 60 - 100 mV/decade. 

[Claim 14] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, The logical circuit 
which processes the signal containing the image information transmitted to a signal required since said 
driver line is driven, and said pixel matrix section, In the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
active-matrix substrate and this active-matrix substrate which have been arranged on the same 
substrate, and are arranged Said pixel matrix circuit, a driver line, and a logical circuit consist of two or 
more TFT(s) depended on the silicon thin film which has crystallinity. The dimension of two or more of 
said TFT(s) The active-matrix display characterized by differing according to the electrical property 
which the circuit which consists of these two or more TFT(s) requires. 

[Claim 15] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, The logical circuit 
which processes the signal containing the image information transmitted to a signal required since said 
driver line is driven, and said pixel matrix section, In the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
active-matrix substrate and this active-matrix substrate which have been arranged on the same 
substrate, and are arranged Said pixel matrix circuit, a driver line, and a logical circuit consist of two or 
more TFT(s) depended on the silicon thin film which has crystallinity. The channel length of two or more 
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"bf said TFT(s) and/or the thickness of gate dielectric film are a active-matrix display characterized by 
differing according to the electrical property which the circuit which consists of these two or more 
TFT(s) requires. 

[Claim 16] The active-matrix display characterized by the electrical properties which a circuit requires 
being drive frequency and operating voltage in either of claims 14 and 15. 

[Claim 17] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, The logical circuit 
which processes the signal containing the image information transmitted to a signal required since said 
driver line is driven, and said pixel matrix section, In the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
active-matrix substrate and this active-matrix substrate which have been arranged on the same 
substrate, and are arranged Said pixel matrix circuit, a driver line, and a logical circuit consist of two or 
more TFT(s) depended on the silicon thin film which has crystallinity. The thickness of the gate 
dielectric film of TFT with which the drive frequency needed among said two or more TFT(s) constitutes 
the circuit more than 0.1 GHz is below 500 **. The thickness of the gate dielectric film of TFT which 
constitutes the circuit where the operating voltage to need exceeds 10V is a active-matrix display 
characterized by being 1000A or more. 

[Claim 18] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, The logical circuit 
which processes the signal containing the image information transmitted to a signal required since said 
driver line is driven, and said pixel matrix section, In the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
active-matrix substrate and this active-matrix substrate which have been arranged on the same 
substrate, and are arranged Said pixel matrix circuit, a driver line, and a logical circuit consist of two or 
more TFT(s) depended on the silicon thin film which has crystallinity. The active-matrix display 
characterized by the RF actuation mold TFT and the high proof-pressure actuation mold TFT existing in 
said two or more TFT(s) simultaneously. 

[Claim 19] It is the active-matrix display which the thickness of said RF actuation type TFT of gate 
dielectric film is below 500 **, and is characterized by the thickness of said high proof^pressure 
actuation type TFT of gate dielectric film being 1000A or more in claim 18. 

[Claim 20] The pixel matrix circuit constituted including two or more source line, two or more gate lines, 
and two or more TFT(s) at least, The driver line which contains at least the gate line driver line which 
drives the source line driver line which drives said source line, and said gate line, The logical circuit 
which processes the signal containing the image information transmitted to a signal required since said 
driver line is driven, and said pixel matrix section, In the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
active-matrix substrate and this active-matrix substrate which have been arranged on the same 
substrate, and are arranged Said pixel matrix circuit, a driver line, and a logical circuit consist of two or 
more TFT(s) depended on the silicon thin film which has crystallinity. The active-matrix display 
characterized by including at least two kinds of circuits where drive frequency differs from operating 
voltage in two or more circuits which constitute said pixel matrix circuit, a driver line, and a logical 
circuit. 

[Claim 21] either claim 2 5, 7, 8, 10 and 12 thru/or 15, 17, 18 and 20 — setting — said silicon thin film - 
- mutual — outline parallel — and two or more cylindrical or active-matrix displays which are 
characterized by having the crystal structure to which a flat cylindrical crystal comes to gather which 
grew with directivity. 

[Claim 22] It is the active-matrix display on which a channel formation field at least constitutes the 
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direction of channel length, and said silicon thin film among the barrier layers which constitute said two 
or more TFT(s) in either claim 1 5, 7, 8, 10 and 11 thru/or 15, 17, 18 and 20 and which is characterized 
by cylindrical or for the direction of flat cylindrical crystal growth carrying out outline coincidence, and 
• having an anisotropy in the direction of channel length, and the channel width direction. 

[Claim 23] It is the active-matrix display characterized by a channel formation field at least being a 
genuineness field genuineness or substantially among the barrier layers which constitute said two or 
more TFT(s) in either claim 1 5, 7, 8, 10 and 11 thru/or 15, 17, 18 and 20. <BR> [Claim 24] In either 
claim 1 5, 7, 8, 10 and 1 1 thru/or 15, 17, 18 and 20, a kind or two or more kinds of elements which were 
chosen from nickel, Fe, Co, Sn, Pd, Pb, Pt, Cu, and Au as a catalyst element which promotes 
crystallization are contained in said silicon thin film, and it is the concentration of this catalyst element. 
1x1017 atoms/cm3 Active-matrix display characterized by being the following. 
[Claim 25] The catalyst element which promotes said crystallization in claim 24 is a active-matrix 
display characterized by being nickel (nickel). 

[Claim 26] In either claim 1 5, 7, 8, 10 and 11 thru/or 15, 17, 18 and 20, a kind or two or more kinds of 
elements which were chosen from Ci, F, and Br in said silicon thin film 1x1015 - 1x1020 atoms/cm3 
Active-matrix display characterized by being contained by concentration. 

[Claim 27] The active-matrix display characterized by a kind or two or more kinds of elements which 
were chosen as the interface of the barrier layer and gate dielectric film which constitute said two or 
more TFT(s) from CI, F, and Br existing in high concentration in either claim 1 5, 7, 8, 10 and 11 thru/or 
15, 17, 18 and 20. 

[Claim 28] It is the active-matrix display characterized by consisting of two or more pixel fields in which 
said pixel matrix circuit was formed in the shape of a matrix in either claim 1 5, 7, 8, 10 and 1 1 thru/or 
15, 17, 18 and 20, and at least one pixel TFT which becomes with the configuration substantially 
connected to the serial possessing two or more TFT(s) in this pixel field. 

[Claim 29] The auxiliary capacity which said pixel matrix circuit is constituted from two or more pixel 
fields formed in the shape of a matrix in either claim 1 5, 7, 8, 10 and 1 1 thru/or 15, 17, 18 and 20, and is 
provided to this pixel field is a active-matrix display characterized by being formed between the black 
masks superimposed on connection wiring and this connection wiring. 

[Claim 30] It is the active-matrix display characterized by being formed on the organic nature resin film 
with which said black mask has opening in claim 29, and forming said auxiliary capacity in the pars 
basilaris ossis occipitalis of said opening. 

[Claim 31] It is the active-matrix display characterized by forming said path cord in the same ingredient 
as a source line, and the same layer in claim 29. 

[Claim 32] The dimension of two or more TFT(s) which constitute said pixel matrix circuit in either claim 
1 5, 7, 8, 10 and 11 thru/or 15, 17, 18 and 20 is a active-matrix display characterized by differing from 
the dimension of at least one TFT among two or more TFT(s) which constitute said driver line or logical 
circuit. 

[Claim 33] The active-matrix display characterized by including at least one circuit among a phase 
comparator, LPF (low pass filter) and VCO (voltage-controlled oscillator), a counting-down circuit, the 
oscillator for horizontal scannings, the oscillator for vertical scannings, a D/A converter, an I/O Port, 
the differential amplifier, an operational amplifier, a comparator, and memory as said logical circuit in 
either claim 1 5, 7, 8, 10 and 11 thru/or 15, 17, 18 and 20. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Invention indicated on these descriptions relates to the 
configuration of the active-matrix display (the liquid crystal display of a active-matrix mold, EL display, 
and EC display are included) wtiich consists of thin film transistors (TFT) formed using the thin film 
semiconductor which has crystallinity. Moreover, it is related with the electro-optics device which uses 
such a active-matrix display as an indicating equipment. 
[0002] 

[Description of the Prior Art] In recent years, the technique which really forms a pixel matrix circuit and 
an actuation circuit on the same substrate using TFT is progressing quickly. It is [ the ] reasonable in 
the need of a active-matrix display (it is also called a active-matrix panel) having increased in everyday 
life. 

[0003] A active-matrix display arranges TFT to each of two or more pixels of each, arranged in the 
shape of a matrix, and controls the charge which frequents each pixel electrode (actuation electrode) by 
the switching function of TFT. 

[0004] The content indicated by U.S. Pat. No. 5250931 (Misawa et al.) as such a active-matrix display is 
known. By the above mentioned patent, the active-matrix panel and the application product in which the 
pixel matrix and the driver line (a source line driver line and gate line driver line) were formed on the 
same substrate are indicated, and the purport by which the driver line is constituted from a shift 
register, a sample hold circuit, a buffer, etc. is indicated. 

[0005] The conventional active-matrix display was what stops on the same substrate constituting a 
pixel matrix and a driver line as shown in the above mentioned patent. However, in current everyday life, 
a active-matrix display is used for various application products (electro-optics device etc.), and the call 
for a miniaturization, high-performance-izing, and low-power-ization is becoming still stronger. 
[0006] Recently in such, the SOP (system-on panel) design is proposed as a means to attain 
miniaturization of a active-matrix display, and high performance-ization. This SOP design is a design 
carried on the same substrate as it is also at TFT conventionally about the logical circuit (digital 
disposal circuits, such as a display control circuit and an arithmetic circuit) by which external was 
carried out to the active-matrix display. 

[0007] However, the technique which forms TFT which can realize the design is not yet established. The 
reason is difficult [ it / to constitute the electrical circuit which needs RF actuation like a logical circuit 
from TFT using the silicon thin film (silicon thin film) by which current utilization is carried out ]. 
[0008] For example, although TFT using the silicon thin film (the so-called elevated-temperature polish 
recon film) formed through the heat-treatment before and behind 900 ** in the actual condition or the 
silicon thin film below 600 ** (the so-called low-temperature polish recon film) comparatively formed at 
low temperature is announced, implementation of TFT which has the high-speed operation engine 
performance which can constitute a logical circuit from these silicon thin films is difficult. 
[0009] Although temporary management can be performed because the improvement in the working 
speed of TFT makes TFT size small, channel lengths (or gate length) cutback causes a short channel 
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. effect, and nonconformities, such as lowering of drain pressure-proofing, produce it. Therefore, in TFT 
using the conventional silicon thin film, the limitation is coming also for improvement in the working 
speed by the scaling law, and it is difficult to gather working speed from the problem of dependability 
more than this. Moreover, crystal grain and a grain boundary (grain BANDARI) exist in a silicon thin film 
irregularly, and there is also a problem that a grain boundary influences a TFT property greatly and 
produces variation. 

[0010] As mentioned above, even if it can constitute a active-matrix display as shown in the above 
mentioned patent from a conventional TFT manufacturing technology, it is difficult to build in the logical 
circuit which needs high-speed operation further. 

[001 1] Moreover, in IGFET (insulated gate field effect transistor) formed on the single crystal silicon 
used conventionally, IGFET which can respond to both low frequency actuation and RF actuation can be 
formed using the crystallinity which was extremely excellent in the single crystal. However, in IGFET 
formed on a single crystal silicon wafer, in order to raise working speed, shortly after shortening channel 
length, there is a problem that a short channel effect will actualize. 

[0012] Therefore, since special processing of a channel dope etc. is needed, as for IGFET for high 
frequency actuation, it is common to avoid that a production process becomes complicated and to use 
independently IC chip for high frequency actuation and IC chip for low frequency actuation (for high 
proof-pressure actuation) properly. 

[0013] Therefore, in the Prior art, it is difficult to load together the logical circuit for high frequency 
actuation, and the logical circuit for low frequency actuation on the same substrate or the same chip, 
and it has been a serious failure when that realizes an SOP design. 
[0014] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to offer the 
technique for realizing the active-matrix display which has the low-power nature and various functions 
nature which conquered the above troubles and loaded together the circuit which can respond for RF 
actuation on the same substrate, and the circuit which can respond to low frequency actuation (or high 
proof^pressure actuation). Moreover, let it be a technical problem to offer the technique for realizing the 
small and cheap electro-optics device using such a active-matrix display. 

[0015] In addition, the language active-matrix "display" is used [ be / it / under / this / description / 
setting ] also including the configuration substrate which has a active-matrix mold display and its main 
function. That is, if an active matrix liquid crystal indicating equipment is taken for an example, for 
example, not only an active matrix liquid crystal indicating equipment but a active-matrix substrate 
(substrate of the side which forms TFT) shall be contained in the language active-matrix "display." 
[0016] 

[Means for Solving the Problem] The pixel matrix circuit where invention indicated on these descriptions 
is constituted, including two or more source line, two or more gate lines, and two or more TFT(s) at 
least, The driver line which contains at least the gate line driver line which drives the source line driver 
line which drives said source line, and said gate line, The logical circuit which processes the signal 
containing the image information transmitted to a signal required since said driver line is driven, and said 
pixel matrix section, the active-matrix display constituted by arranging on the same substrate — or The 
above-mentioned pixel matrix circuit, It is related with the active-matrix display which becomes with the 
configuration which pinched the liquid crystal layer between the opposite substrates which counter the 
active-matrix substrate and this active-matrix substrate which have arranged the driver line and the 
logical circuit on the same substrate, and are arranged. 

[0017] one of the configurations of this invention constitutes said pixel matrix circuit, a driver line, and a 
logical circuit from two or more TFT(s) depended on the silicon thin film which has crystallinity in the 
above-mentioned active-matrix display — having — said silicon thin film — mutual — outline parallel — 
and it is characterized by two or more cylindrical or having the crystal structure to which a flat 
cylindrical crystal comes to gather with directivity. 
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. [0018] Moreover, the configuration of other invention is characterized by the thing which said pixel 
matrix circuit, a driver line, and a logical circuit consist of two or more TFT(s) depended on the silicon 
thin film which has crystallinity, and constitute said silicon thin film and for which a crystal lattice stands 
in a row continuously, and it can be substantially considered for a carrier that the interior of cylindrical 
or a flat cylindrical crystal is a single crystal in the above-mentioned active-matrix display. 
[0019] Moreover, the configuration of other invention consists of two or more TFT(s) depended on the 
silicon thin film with which said pixel matrix circuit, a driver line, and a logical circuit have crystallinity in 
the above-mentioned active-matrix display, and the subthreshold level multiplier of two or more of said 
TFT(s) is characterized by the N channel mold TFT and the P channel mold TFT being 60 - 100 
mV/decade. 

[0020] Moreover, in the above-mentioned active-matrix display, said pixel matrix circuit, a driver line, 
and a logical circuit consist of two or more TFT(s) depended on the silicon thin film which has 
crystallinity, and the configuration of other invention is characterized by the dimensions of two or more 
of said TFT(s) differing according to the electrical property which the circuit which consists of these 
two or more TFT(s) requires. 

[0021] Moreover, the configuration of other invention consists of two or more TFT(s) depended on the 
silicon thin film with which said pixel matrix circuit, a driver line, and a logical circuit have crystallinity in 
the above-mentioned active-matrix display, and channel length (L) of two or more of said TFT(s) and/or 
thickness (T) of gate dielectric film are characterized by differing according to the electrical property 
which the circuit which consists of these two or more TFT(s) requires. 

[0022] Moreover, the configuration of other invention is set on the above-mentioned active-matrix 
display. Said pixel matrix circuit, a driver line, and a logical circuit consist of two or more TFT(s) 
depended on the silicon thin film which has crystallinity. The thickness of the gate dielectric film of TFT 
with which the drive frequency needed among said two or more TFT(s) constitutes the circuit more than 
0.1 GHz is below 500 **. Thickness of the gate dielectric film of TFT which constitutes the circuit where 
the operating voltage to need exceeds 10V is characterized by being 1000A or more. 
[0023] Moreover, in the above-mentioned active-matrix display, said pixel matrix circuit, a driver line, 
and a logical circuit consist of two or more TFT(s) depended on the silicon thin film which has 
crystallinity, and the configuration of other invention is characterized by the RF actuation mold TFT and 
the high proof-pressure actuation mold TFT existing in said two or more TFT(s) simultaneously. 
[0024] Moreover, the configuration of other invention is characterized by including at least two kinds of 
circuits where drive frequency differs from operating voltage in the above-mentioned active-matrix 
display in two or more circuits which said pixel matrix circuit, a driver line, and a logical circuit consist of 
two or more TFT(s) depended on the silicon thin film which has crystallinity, and constitute said pixel 
matrix circuit, a driver line, and a logical circuit. 

[0025] Suppose that detailed explanation is given in the example indicated below about this invention 

which becomes with the above configuration. 

[0026] 

[Example] 

[Example 1] It is the block diagram of the active-matrix display by this invention which is shown in 
drawing 1 . The active-matrix display of this invention really forms the pixel matrix circuit 102, the 
source line driver line 103, the gate line driver line 104, and a logical circuit 105 on a substrate 101, and 
is constituted. 

[0027] In addition, the circuitry shown in this example does not only show one example, and does not 
limit circuitry to this. What is necessary is for the main point of this invention to be carrying the logical 
circuit 105 on the same substrate, and just to opt for the configuration of various circuits, such as the 
above-mentioned pixel matrix circuit 102, the source line driver line 103, the gate line driver line 104, 
and a logical circuit 105, if needed for a circuit design. 

[0028] In drawing 1 , the source line driver line 103 mainly consists of a shift register, a level shifter, a 
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buffer, a latch circuit, etc., and the gate line driver line 104 mainly consists of the shift register, a 
multiplexer, a level shifter, a buffer, etc. Of course, a shift register is not cared about as a configuration 
•for which the circuit which has the same function, for example, a counter, and a decoder are substituted. 
Moreover, although drawing 1 R> 1 shows the circuitry corresponding to digital one, if it is an analog 
response, a sample hold circuit etc. is included in the source line driver line 103. 
[0029] In addition, the various circuits included in these source line driver line 103 and the gate line 
driver line 104 are constituted considering the inverter circuit which becomes with the CMOS structure 
which combined the N channel mold TFT and the P channel mold TFT complementary as a base unit. Of 
course, although the circuit of a piece polarity is sufficient, the static mold or dynamic mold circuit by 
CMOS structure is suitable from a viewpoint of a low power. 

[0030] Moreover, two or more pixel fields 110 surrounded by two or more gate lines 108 and 109 
connected to two or more source lines 106 and 107 and gate line driver lines 104 which are connected 
to the source line driver line 103 are arranged in the shape of a matrix, and the pixel matrix circuit 102 
is constituted. And two or more pixel fields 1 10 are constituted including a pixel TFT1 1 1, a liquid crystal 
cell 112, and the auxiliary capacity 113. In addition, although not illustrated, a liquid crystal cell 112 
consists of a pixel electrode and a counterelectrode, and liquid crystal pinched in the meantime. 
[0031] Next, a logical circuit 105 points out a circuit at large [ required in order to perform signal 
processing required to perform image display like processing of the video signal for displaying an image 
on processing of the start pulse for driving the source line driver line 103 and the gate line driver line 
104, a clock signal, etc., and the pixel matrix circuit 102 ]. 

[0032] In the example shown in drawing 1 , a logical circuit 105 is constituted including a phase 
comparator 114, LPF (Low Pass Filter)115 and VCO (voltage-controlled oscillator)1 16, a counting-down 
circuit 1 17, the oscillator 1 18 for source line drivers (for horizontal scannings), the oscillator 1 19 for 
gate line drivers (for vertical scannings), and D/A converter (digital-analog converter) 120. 
[0033] In addition, this invention persons think that other logical circuits which are not illustrated here, 
for example, the I/O Port which outputs and inputs the signal sent from image sensors or CCD, amplifier 
system circuits ( the differential amplifier, an operational amplifier, comparator, etc.), an A/D converter, 
the memory ( RAM and ROM) that stores data, and the system display which carried in the MONOSHI 
rucksack to the arithmetic circuit ultimately, and was equipped with the function as a CPU ( arithmetic 
and program control) can also be realized. 

[0034] Moreover, as for the input terminal of a bit signal for the input terminal of the analog signal 
[ 121 ] according to a digital gradation signal and 122 to choose a digital gradation signal, and 123, the 
input terminal of the synchronizing signal for horizontal scannings and 124 are the input terminals of the 
synchronizing signal for vertical scannings. Of course, an input terminal becomes unnecessary if the 
oscillator circuit which forms these analog signals, a bit signal, and a synchronizing signal is also 
incorporated on a substrate. 

[0035] (silicon thin film needed by this invention) Here, in realizing a active-matrix display as shown in 
drawing 1 , the most important element is explained. It is [ like ] difficult to load [ which was explained in 
the conventional example ] together the circuit and the circuit corresponding to low frequency actuation 
(high proof^pressure actuation) corresponding to RF actuation on the same substrate with the 
conventional silicon thin film. Therefore, in order to constitute a active-matrix display as shown in 
drawing 1 , a silicon thin film which realizes TFT which can respond to a broad frequency domain must 
be formed. 

[0036] This invention is made into what can realize the active-matrix display of a configuration as TFT 
made into the barrier layer shows the completely new silicon thin film explained below to drawing 1 . 
This completely new silicon thin film is the ingredient which this invention persons invented, and the 
description unique in the structure of a silicon thin film where TFT using this ingredient constitutes the 
formation approach of a barrier layer and gate dielectric film and a barrier layer is seen. Here, a process 
until it forms gate dielectric film is first explained using drawing 2 . 
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. [0037] The substrate 201 which has an insulating front face first is prepared. Although a quartz 
substrate is used in this example, the substrate which formed the oxidation silicon film etc. as substrate 
film may be used on it. however, the silicon thin film used by this invention — forming — Since 700- 
1 100-degree C heat-treatment is needed, the substrate 201 must have the thermal resistance which 
can bear the temperature requirement. 

[0038] Next, it is the amorphous silicon film (amorphous silicon film) 202 100 - 750 ** (preferably 150 - 
450 **) Membranes are formed with a plasma-CVD method, a spatter, and a reduced pressure heat 
CVD method in thickness. In addition, membranes are formed more thickly than the thickness needed 
eventually, taking the film decrease by the next thermal oxidation process into count, moreover, ****** 
according [ on a next crystallization process and ] to the rate of natural karyogenesis according to the 
reduced pressure heat CVD method using silane system gas (SiH4, Si2H6, Si3H8, etc.) as membrane 
formation gas — since it is few, it is desirable. 

[0039] If the amorphous silicon film 202 is formed, next the amorphous silicon film 202 will be 
crystallized and the crystal silicon film (polish recon film) will be obtained. A technique given in JP,7- 
130652,A is used as a crystallization means. A technique given [ this ] in an official report adds a 
catalyst element (typically nickel) to the amorphous silicon film, and promotes crystallization. 
[0040] In addition, although it is also possible to indicate a means to add a catalyst element all over the 
amorphous silicon film in this official report, and a means to add selectively, and to use which 
fundamentally, since the direction using the latter is excellent in the controllability of the direction of 
crystal growth, it is desirable. Therefore, this example explains the case where the latter is used. 
[0041] First, if the amorphous silicon film 202 is formed, the mask 203 which becomes by the oxidation 
silicon film for adding nickel (nickel) selectively will be formed. Two or more openings 204 are formed in 
the mask 203 which becomes by the oxidation silicon film by patterning, and, as for one side of opening 
204, it is desirable to have width efface of at least 10 micrometers or more. Less than [ this ], a 
possibility that a solution may not arrive even at the interior of opening with surface tension in the 
process which applies the solution containing Ushiro's catalyst element arises. Here, in drawing 2 (A), 
opening 204 can be set to 10-20 micrometers, and width of face can make the die length the die length 
of dozens - 100 micrometers of numbers toward a direction vertical to space. 

[0042] Next, UV light is irradiated into an oxygen ambient atmosphere, and a very thin oxide film (not 
shown) is formed in the exposure front face of the amorphous silicon film 202. This oxide film is for 
improving the wettability of a solution at the solution spreading process at the time of introducing the 
nickel which promotes crystallization behind. In addition, as a catalyst element which promotes 
crystallization, elements, such as Fe, Co, Sn, Pd, Pb, Pt, Cu, and Au, can be used besides nickel. 
[0043] Next, predetermined concentration (at this example, it is 100 ppm by weight conversion) The 
nickel nitrate (or nickel acetate) solution containing nickel is dropped, and the thin water screen 205 
which contained nickel with the spin coat method is formed. The nickel concentration added in the 
amorphous silicon film 202 is easily controllable by adjusting the concentration of a nickel salt solution in 
a solution spreading process. ( Drawing 2 (B)) 

[0044] Next, it sets in the ambient atmosphere containing an inert atmosphere or hydrogen, and is at 
the temperature of 550 - 650 ** in 500 - 700 ** and a representation target. 4-8 Heat-treatment of 
time amount is added and the amorphous silicon film 202 is crystallized. It is thought that the nickel in 
the film serves as a nucleus and crystallization advances. ( Drawing 2 (O) 

[0045] Crystallization of the amorphous silicon film 202 advances preferentially from the opening 204 
which added nickel, and the 1st crystalline region 206 is formed in the bottom of opening 204. Moreover, 
cylindrical or the 2nd crystalline region 207 which consists of flat cylindrical crystals which grew up to 
be a substrate 201 and outline parallel is formed in the bottom of a mask 203 of diffusion of nickel. 208 
is the grain boundary in which the 2nd crystalline region 207 which has grown from hard flow mutually 
collided, and was formed. 

[0046] In this invention, only this 2nd crystalline region is used as crystal silicon film. The grain boundary 
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seems namely, not to influence a TFT property like the conventional polish recon film, since the 
crystallization field (the 2nd crystalline region 207) of the amorphous silicon film 202 and the location of 
•the grain boundary 208 grade by collision are controllable by arrangement of opening 204. 
- [0047] Next, after removing the mask 203 which becomes by the oxidation silicon film, two or more 
barrier layers 209 as processed the obtained crystal silicon film 207 in the shape of an island by 
patterning and shown in drawing 2 (D) are formed. 

[0048] If the barrier layer 209 which becomes by the crystal silicon film is formed, the gate dielectric 
film 210 which comes by the oxidation silicon film on a barrier layer 209 will be formed. The membrane 
formation approach of gate dielectric film 210 should just use gaseous-phase methods, such as a 
plasma-CVD method, a heat CVD method, and a spatter. Moreover, a silicon nitride film and an oxidation 
silicon nitride film may be used instead of the oxidation silicon film, or the laminating of those insulator 
layers may be carried out, and they may be used. 

[0049] What is'necessary is just to determine the thickness of this gate dielectric film 210 according to 
the property to need, corresponding to the objects (circuit to be used) using TFT. In addition, when the 
thickness of the gate dielectric film needed eventually becomes below 500 **, it can set without forming 
gate dielectric film 210, and only the thermal oxidation film obtained at a next thermal oxidation process 
can also be used as gate dielectric film. 

[0050] Next, it heat-treats in the ambient atmosphere containing a halogen. This heat-treatment is the 
gettering process of the catalyst element which aimed at removing the metallic element in a barrier 
layer 209 (especially nickel) to the 1st using the gettering effectiveness of the metallic element by the 
halogen. 

[0051] In order to acquire that effectiveness, as for the heat-treatment for this gettering, it is desirable 
to carry out at the temperature exceeding 700 **. At the temperature not more than it, there is a 
possibility that gate dielectric film 210 may serve as a blocking layer, and sufficient gettering 
effectiveness cannot be acquired. 

[0052] Therefore, it carries out at the temperature exceeding 700 **, and considers as 800-1000 
degrees C (typically 950 **) preferably, and this heat-treatment is the processing time. On 0.1 - 6 hours, 
and a representation target If it is 0.5 - 1 hour, sufficient gettering effectiveness can be acquired. 
[0053] In addition, here shows the example which performs 950 ** and heat-treatment for 30 minutes 
into the ambient atmosphere which made the hydrogen chloride (HCI) contain [ be / it / under / oxygen 
(02) ambient atmosphere / receiving ] by the concentration of 0.5 - 10 volume % (this example three 
volume %). If HCI concentration is carried out to more than the above-mentioned concentration, since 
irregularity comparable as thickness arises on the front face of a barrier layer 209, it is not desirable. 
[0054] Moreover, the oxidation rate of the crystal silicon film can be reduced into an above-mentioned 
oxidizing atmosphere by considering as the ambient atmosphere which mixed high-concentration 
nitrogen (N2). It is an effective means when increasing gettering time amount, without advancing a 
thermal oxidation reaction beyond the need. 

[0055] moreover — although the compound was carried out and the example containing a halogen using 
HCI gas was shown — as the other gas — typical — HF, NF3, HBr, CI2, CIF3, BCI3, F2, and Br2 etc. — 
a kind or two or more sorts of things chosen from the compound containing a halogen can be used. 
Moreover, generally the hydride or the organic substance (charcoal hydride) of a halogen can also be 
used. 

[0056] Gettering of the nickel added in the barrier layer 209 in this process is carried out by operation 
of a halogen (here chlorine), it turns into an volatile nickel chloride, and it is thought that it is broken 
away and removed into atmospheric air. Therefore, concentration of the nickel in a barrier layer 21 1 
1x1017 atoms/cm3 It decreases even below. In addition, the high impurity concentration in this 
description is defined by the minimum value of the measurement value obtained by SIMS analysis. 
[0057] Therefore, by heat-treatment in the ambient atmosphere containing the halogen shown in 
drawing 2 (E), the nickel in a barrier layer 211 is reduced by even extent (1x1017 atoms/cm3 following, 
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preferably below the spin density in a barrier layer) which does not affect a device property, and can 
obtain a barrier layer with a very small trap consistency. 

{0058] Moreover, when a gettering process is performed, the halogen used for gettering processing in a 
• " barrier layer 209 1x1015 - 1x1020 atoms/cm3 It remains by concentration. The inclination to be 

distributed at high concentration between a barrier layer 209 and the thermal oxidation film formed of 
heat-treatment is confirmed by SIMS analysis in that case. 

[0059] The barrier layer 21 1 obtained at the above processes consists of crystal silicon film used as a 
unique crystal structure object. The TEM photograph which expanded the crystal silicon film formed 
here according to the above-mentioned process by 250,000 times is shown in drawing 3 . As shown in 
drawing 3 , the crystal silicon film obtained at the above-mentioned process has the description as 
shown below. 

(1) The structure of a crystal lattice stands in a row continuously in the specific direction mostly. 

(2) It has grown to be a thin cylindrical (or pillar-shaped) crystal or a thin flat cylindrical crystal. 

(3) two or more cylindrical or flat cylindrical crystals — mutual — parallel — or — almost — parallel — 
and it is growing up with directivity. 

[0060] If the photograph shown in drawing 3 is seen, the thin cylindrical crystal with a width of face of 
about 0.15 micrometers is prolonged, for example in the direction of slant from the lower left to the 
upper right, and a clear boundary (grain boundary) can be checked to both the width-of-face edge 
(shades, such as a line looked at by the photograph, are based on the difference in the sense of the 
crystal face), moreover, two or more cylindrical crystals — mutual — an outline — it can check that 
two or more grain boundaries have also extended in parallel mostly from carrying out crystal growth in 
the parallel direction. Since this grain boundary serves as an energy barrier for a carrier (an electron or 
electron hole), it is thought that a carrier moves preferentially in the interior of a cylindrical crystal. 
[0061] In addition, gettering clearance of the barrier layer 21 1 is carried out to extent from which 
crystallinity is remarkably improved by heat-treatment at the temperature exceeding 700 ** containing 
the above-mentioned halogen, and a metallic element does not pose a problem. Therefore, it is thought 
that the interior of a cylindrical crystal serves as a field a crystal lattice stands in a row continuously, 
and it can be substantially considered for a carrier that is a single crystal. 

[0062] Moreover, the grain boundary does not exist substantially that a crystal lattice stands in a row 
continuously in the interior of a cylindrical crystal, or even if it exists, the condition of being inactive 
electrically is pointed out. From the result of the electrical property (it mentions later) of TFT using a 
barrier layer 21 1, this invention persons have guessed that the possibility of an inactive grain boundary 
is high electrically [ a {1 1 1} twin-crystal grain boundary, {111} stacking faults, a {221} twin-crystal grain 
boundary etc. ], even if the grain boundary exists. 

[0063] Moreover, by the interface of a barrier layer 21 1 and gate dielectric film 210, a thermal oxidation 
reaction advances by the above-mentioned heat-treatment, and only the part of the formed thermal 
oxidation film 212 increases all the thickness of gate dielectric film 210. Therefore, a barrier layer 21 1 is 
thin-film-ized in proportion to a formed part of the thermal oxidation film. Thin film-ization of a barrier 
layer promotes effectiveness, such as reduction of the OFF state current of TFT, and improvement in 
electric field effect mobility. Furthermore, after performing heat-treatment in the above-mentioned 
halogen ambient atmosphere, very good semi-conductor / insulator layer interface are realized with 
improvement in the membraneous quality of gate dielectric film 210 by performing heat-treatment of 
about 950 ** 1 hour in nitrogen-gas-atmosphere mind. 

[0064] (TFT needed by this invention) If TFT is produced using the above barrier layers 21 1, an 
electrical property as shown in drawing 4 will be acquired (Ushiro's example is yielded about the making 
process of TFT). What is shown in drawing 4 is Id-Vg of the N channel mold TFT which gate voltage (Vg) 
was taken along the axis of abscissa, it took the logarithm of a drain electrical potential difference (Id) 
along the axis of ordinate, and was plotted. It is a curve (Id-Vg property). 

[0065] In drawing 4 ,401 is the electrical property of TFT using the barrier layer obtained at the above- 
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mentioned process, and 402 shows the electrical property of the conventional TFT. Specifically, 402 is 
the electrical property of TFT produced in the process which deleted nitrogen annealing of heat- 
treatment and after that in the ambient atmosphere containing a halogen from the above-mentioned 
process. 

[0066] direction of the property first shown also with the same gate voltage 401 when both transistor 
characteristics are compared 2-4 a near digit — it can check that the large ON state current flows. In 
addition, the ON state current points out the thing of a drain current which flows when TFT is in an ON 
state (gate voltage [ Setting to drawing 4 . ] about 0-5 range which is V). 

[0067] Moreover, it can also check having the subthreshold level property that the direction of the 
property shown by 401 was excellent. Id-Vg at the time of a subthreshold level property being a 
parameter which shows the steepness of the switching operation of TFT, and TFT switching to an ON 
state from an OFF state It can be said that a subthreshold level property is good, so that a curved 
standup is steep. 

[0068] In addition, the following thing can be checked if typical electric measurement data compares 
TFT of this invention, and the conventional TFT. 

(1) The subthreshold level multiplier of the property shown by 401 to the subthreshold level multiplier of 
the property shown by 402 being before and after 350 mV/decade is as small as 80 mV/decade order. 
TFT with this smaller value is excellent in the switching engine performance. 

(2) Electric field effect mobility is 250cm2/Vs at the property shown by 401 to being before and after 
80cm2/Vs in the property shown by 402. It is as large as order. RF actuation is quick, namely, more 
possible for TFT with larger electric field effect mobility. 

[0069] As mentioned above, TFT of this invention has the switching characteristic and the high-speed 
operation property of having excelled extremely, and the high-speed operation which is sufficient for 
forming the logical circuit 105 as shown in drawing 1 is possible. That is, in order to realize a active- 
matrix display as shown in drawing 1 which systematized the high frequency actuation circuit and the 
low frequency actuation circuit, TFT of this invention which can respond to a broad drive frequency field 
is required. 

[0070] Moreover, the above TFT(s) have the description that the difference of an electrical property is 
very small, with the N channel mold TFT and the P channel mold TFT. For example, according to the 
result which this invention persons made as an experiment actually, and measured, a threshold electrical 
potential difference is N type. - They are 0.5-1 .5V, and P type. - 1 .5-0. 5V are obtained. Moreover, as for 
the subthreshold level multiplier (S value), 60 - 100 mV/decade (typically 60 - 85 mV/decade) is 
obtained for N type and P type. Moreover, N type averages and electric field effect mobility (micro FE) 
is 1 50-200cm2/Vs with 200-250cm2/Vs and P type. The value is acquired. 

[0071] Thus, even if above-mentioned TFT which this invention persons invented has the almost 
equivalent engine performance with the N channel mold TFT and the P channel mold TFT and 
constitutes CMOS structure, it does not cause generating of malfunction or the lowering of working 
speed by the bias of the engine performance of operation. That is, a very high TFT property is utilizable 
as it is. 

[0072] According to the measurement result of nine steps of ring oscillators which this invention person 
made as an experiment about this point using TFT of this invention, about 450MHz is recorded by supply 
voltage 3.3 V, and the oscillation frequency of about 540MHz is recorded by 5.0 V. These values mean 
that 20 to 30 times as many high-speed operation as this is realized as compared with NGUOSHIRETA 
constituted from conventional TFT made into the reference. 

[0073] There is a point which should be noted in TFT of this invention here. In order to raise the working 
speed of TFT in the conventional example, when channel length was shortened, it was said that a TFT 
property deteriorates according to a short channel effect. However, as for TFT of above-mentioned this 
invention, it is checked that channel length is reliable TFT in assessment according [ with 2 micrometers, 
in spite of being short, have very high working speed and high drain pressure-proofing, and ] to an 
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accelerated test. 

[0074] this invention persons guessed that the silicon thin film of this invention which becomes with a 
-unique crystal structure object as the reason had controlled the short channel effect effectively from 
• " the reasons of the structure. In addition, short channel effects are generic names, such as lowering of 
the threshold electrical potential difference produced with reduction in channel length, degradation of 
drain pressure-proofing, and degradation of a subthreshold level property, and it originates in the punch- 
through phenomenon produced because the depletion layer by the side of a drain field spreads even to a 
source field fundamentally, the detail about a short channel effect — " — physics [ of a VLSI device ]; - 
-; besides Mitsumasa Koyanagi — Maruzen; — it is good to refer to 1986." 

[0075] Drawing which looked at near the barrier layer of TFT of this invention from the top face here is 
shown in drawing 5 (A). In drawing 5 (A), 501 is a barrier layer, 502 is a gate electrode, and a barrier 
layer 501 is constituted including two or more cylindrical crystals 503 and the grain boundary 504. 
Moreover, a barrier layer 501 functions with the configuration of a source field / channel formation field 
/ drain field. 

[0076] Moreover, the arrow head shown by 505 shows the direction (outline a grain boundary 504 and 
parallel direction) to which a carrier moves, and defines it as the direction of channel length. Moreover, 
the arrow head shown by 506 is a direction (direction which carries out an outline rectangular cross to a 
grain boundary 504) vertical to the direction of channel length, and is defined as the channel width 
direction. Furthermore, channel length (L) and 508 are defined for 507 as channel width (W). In addition, 
although channel length 507 is mostly in agreement with the line breadth of the gate electrode 502, 
when there is a field which does not function as an electrode substantially like [ in case the oxide film 
on anode is formed in the front face of the gate electrode 502 ], it is not necessarily in agreement. 
[0077] this invention persons thought the effect of the grain boundary 504 of drawing 5 (A) as important 
as a reason nil why the drain pressure-proofing of TFT by this invention is high. That is, in the channel 
formation field, the direction 505 of channel length and the energy barrier by the grain boundary 504 
which exists in parallel mostly controlled the breadth of the depletion layer from a drain field effectively, 
and this invention persons surmised that generating of a punch-through phenomenon was prevented. 
[0078] The situation is simplified and shown in drawing 5 (B). Drawing 5 (B) shows the sectional view 
which cut drawing 5 (A) in the direction of channel length. In drawing 5 (B), as for a source field and 510, 
as for a drain field and 511, 509 is [ a channel formation field and 512 ] gate dielectric film, and 513 
shows the depletion layer. According to the guess of this invention persons, it is thought that the 
depletion layer shown by 513 has the progress to the cylindrical crystal 503 interior inhibited, and 
cannot trespass upon the interior of the channel formation field 51 1 (field shown by 514) with the energy 
barrier resulting from the grain boundary 504. 

[0079] That is, since the breadth of a depletion layer can be controlled as the condition 507 using the 
conventional silicon thin film which the effect of a short channel effect actualizes, i.e., channel length, 
shows a very small submicron (0.01-2 micrometers) field to drawing 5 (B) if it becomes TFT, it is 
thought that a short channel effect can be controlled effectively. 

[0080] Moreover, drawing 5 (C) shows the sectional view which cut drawing 5 (A) in the channel width 
direction. As shown in drawing 5 (C), the barrier layer 501 is constituted where two or more cylindrical 
crystals 503 are located in a line, and the channel formation field is formed because two or more 
genuineness cylindrical crystals 503 gather genuineness or substantially. That is, it can be considered 
that each of two or more cylindrical crystals 503 is a minute channel formation field with the crystal 
grain width efface d (shown by 515). Therefore, in each cylindrical crystal 503, this invention persons 
have guessed that a narrow channel effect arises. 

[0081] By the way, a narrow channel effect is a phenomenon which the threshold electrical potential 
difference of TFT increases, when channel width becomes narrow, and with the silicon thin film of this 
invention, it is thought that lowering of the threshold electrical potential difference by the short channel 
effect is offset by the narrow channel effect produced in each of a thin cylindrical crystal. 
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t0082] On the whole, a threshold electrical potential difference increases in the high field of an energy 
barrier existing in the edge of a channel formation field, and this narrow channel effect is considered to 
•be generated in the 2~way of a direction vertical to a level direction to a substrate in the case of a thin 
film. Therefore, a actual carrier moves preferentially in the low field of an energy barrier. 
[0083] Moreover, the silicon thin film of this invention has the description of the behavior differing, 
namely, having an anisotropy on the grain boundary 504, the carrier which moves to parallel, and the 
carrier which moves vertically, about migration of a carrier. For example, it is dramatically effective that 
the direction to which a carrier moves, and the direction 505 of channel length carry out outline 
coincidence, when raising the electric field effect mobility of TFT. The following thing can be considered 
as the reason. 

[0084] Although the electric field effect mobility of TFT is decided by dispersion of the carrier in the 
silicon film, it divides roughly and there are lattice scattering and impurity scattering. At this time, 
especially the effect of impurity scattering becomes dominant in the temperature requirement used in 
everyday life. This invention has the following advantages to this. 

(1) Since the interior of the columnar crystal which a carrier moves is the field it can be considered 
substantially that is a single crystal and it is genuineness genuineness or substantially, you may think 
that the impurity which checks migration of a carrier does not exist. 

(2) In the condition that it is shown in drawing 5 (A), since the direction to which the grain boundary 504 
serves as an energy-obstruction and a carrier moves is mostly specified in the same direction as the 
direction where the cylindrical crystal 503 extends, the probability of dispersion by the collision of 
carriers is reduced. 

[0085] Moreover, in (1), it means filling at least one of the following conditions as it is genuineness 
genuineness or substantially. 

** the activation energy of the silicon film — about — one half (a Fermi level — a prohibition object — 
mostly located in the center) it is . 

** It is the field where high impurity concentration is lower than spin density. 
** It is the field [ ********** ] which has not added the impurity intentionally. 
** intrinsic (in thorin — chic) — it is a field. 

[0086] For example, although TFT using the conventional silicon thin film has a common channel dope as 
a control means of a short channel effect, with this means, the high impurity concentration in a channel 
formation field will increase, migration of a carrier will be checked, and the working speed (electric field 
effect mobility) of TFT will get worse. However, as mentioned above, since TFT of this invention has the 
effectiveness which controls a short channel effect in the silicon thin film itself, it can form a 
genuineness channel formation field genuineness or substantially. 

[0087] Moreover, since the grain boundary 504 serves as an energy barrier which checks migration of a 
carrier at reverse, the mobility of the carrier which moves in the direction (the channel width direction) 
which intersects perpendicularly with this will become very small. 

[0088] Moreover, although it is thought possible to prevent a short channel effect by controlling the 
breadth of a drain side depletion layer as mentioned above, improvement in a subthreshold level 
property can also be desired with improvement in drain pressure-proofing by preventing a short channel 
effect. The improvement in a subthreshold level property can be explained as follows from inference that 
the volume which a drain side depletion layer occupies is reducible by using this configuration. 
[0089] According to this invention persons' guess, the volume which a drain side depletion layer 
occupies is substantially reducible by the thing which were shown in drawing 5 (B) and for which the 
breadth of a depletion layer is effectively controlled like. Therefore, since a synthetic depletion-layer 
charge can be made small, it is thought that a depletion layer capacitance can be made small. Here, the 
formula which derives the subthreshold level multiplier S is expressed with the following approximation. 
[0090] 
[Equation 1] 
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• p 

. S=ln10 • kT/q [1 +(Cd+Cit)/Cox] 

10091] Setting to several 1, for a BoltzmanrVs constant and T, absolute temperature and q are [ k ] the 
amount of charges, and Cd. The equivalent capacity of interface state density and Cox of a depletion 
layer capacitance and Cit are gate oxidation membrane capacitance. Therefore, by this configuration, it 
is a depletion layer capacitance Cd. The ideal condition set to Cd =Cit=0 by reaching and making small 
equivalent capacity Cit of interface state density as much as possible, i.e., S value, is 60 mV/decade. 
Becoming TFT can be realized. 

[0092] The above is exactly the guess which connected the electrical property of TFT actually made as 
an experiment using it to the silicon thin film which becomes with the unique crystal structure object 
which this invention persons acquired actually. However, experimental data is data and TFT using the 
conventional silicon thin film is as having said also in advance that it has completely different 
outstanding engine performance. 

[0093] And it becomes possible to constitute the circuit which can respond to TFT which has an 
electrical property and effectiveness as taken by this example therefore high frequency actuation, and 
low frequency actuation on the same substrate, without requiring a special device like the conventional 
channel dope. That is, it became possible to constitute a active-matrix display as shown in drawing 1 
from obtaining the silicon thin film shown in this example. 

[0094] [an example 2] — the active-matrix display shown in drawing 1 by this example — the sectional 
view of the pixel TFT1 1 1 which constitutes the pixel matrix circuit 102 for the sectional view of the 
CMOS structure used as the basic structure for constituting the source line driver line 103 to kick, the 
gate line driver line 104, and a logical circuit 105 in drawing 6 (A), and the pixel field 1 10 is shown in 
drawing 6 (B). In addition, it does not pass over the structure shown by this example in the one example, 
and it does not limit this invention. 

[0095] First, the CMOS structure combined complementary attaches the N channel mold TFT601 and 
the P channel mold TFT602, and they are explained. In addition, the N channel mold TFT601 and the P 
channel mold TFT602 are the same structures fundamentally. 

[0096] For 603, in drawing 6 (A), a quartz substrate, and 604 and 606 is [ that of the P channel mold 
TFT of the source field of the N channel mold TFT and a drain field, and 605 and 607 ] a source field 
and a drain field, respectively. Moreover, the low concentration impurity range of a couple where 608 
and 609 are arranged at the N channel mold TFT and the P channel mold TFT, respectively, and 610 and 
61 1 are the channel formation fields of the N channel mold TFT and the P channel mold TFT, 
respectively. 

[0097] Moreover, the precise oxide films on anode 616 and 617 which gate dielectric film, and 614 and 
615 are gate electrodes, and 612 and 613 anodize a gate electrode in the top face and side face of the 
gate electrodes 614 and 615, and are obtained are formed. 

[0098] Moreover, as for the 1st interlayer insulation film, and 619 and 620, 618 is [ a source line and 
621 ] drain wires, and the 2nd interlayer insulation film 622, the 3rd interlayer insulation film 623, and the 
4th interlayer insulation film 624 are formed on it. 

[0099] Since the 2nd interlayer insulation film 622 serves as an insulator which constitutes auxiliary 
capacity in a pixel field at this time, it is desirable to constitute from a silicon nitride film, oxidation 
silicon film, or those cascade screens. Moreover, the 3rd interlayer insulation film 623 and 4th interlayer 
insulation film 624 aim at reduction and the flattening effectiveness of parasitic capacitance, and the 
possible organic nature resin ingredients (for example, polyimide, an acrylic, etc.) of specific inductive 
capacity of flattening are [ the interlayer insulation film ] easily desirable low. 

[0100] Next, the pixel field 1 10 in drawing 1 and the cross-section structure of a pixel TFT1 1 1 are 
explained using drawing 6 (B). In addition, since the CMOS structure of drawing 6 (A) and the pixel 
TFT630 of drawing 6 (B) are really formed on the same substrate, the same layer is fundamentally 
formed with the same ingredient. 
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10101] Moreover, this example shows the example at the time of adopting the triple gate mold TFT 
which has the configuration which connected substantially to three serials the N channel mold TFT 
'constituted with one gate electrode as a pixel TFT. 

[0102] For 631, as for a source field and 633, in drawing 6 (B), a drain field, and 634-636 are [ a quartz 
substrate and 632 ] channel formation fields. In addition, although the low concentration impurity range 
637 of a couple is arranged in each ends of the channel formation fields 634-636, since the basic 
structures of the single gate mold TFT shown in drawing 6 (A) and the triple gate mold TFT shown in 
drawing 6 (B) of a barrier layer are the same, detailed explanation is omitted. Of course, the barrier layer 
shown in drawing 6 (B) is formed in the barrier layer and coincidence of the N channel mold TFT of 
drawing 6 (A). 

[0103] Next, gate dielectric film is shown by 638-640, and it is formed simultaneously with the gate 
dielectric film 612 and 613 in drawing 6 (A). Moreover, it is the precise oxide film on anode which 641 
anodizes a gate electrode, and 642 anodizes a gate electrode, and is formed, and although three gate 
electrodes 641 are visible to the existing appearance, it is the same wiring actually [ all ]. Moreover, the 
gate electrode 641 and an oxide film on anode 642 are formed simultaneously with the gate electrodes 
614 and 615 in drawing 6 (A), and oxide films on anode 616 and 617, respectively. 
[0104] Next, as for 643, the 1st interlayer insulation film and 644 are another source lines by which a 
source line and 645 adjoin connection wiring and 646 adjoins the source line 644. The source lines 644 
and 646 and the connection wiring 645 consist of same layers as the source lines 619 and 620 in 
drawing 6 (A), and a drain wire 621. with the configuration of this example, the area of the auxiliary 
capacity which forms the connection wiring 651 for a long time as shown in drawing 6 (B), and is formed 
behind is earned (capacity is earned) — him — it carries out. 

[0105] Moreover, 647 is the 2nd interlayer insulation film, 648 is the 3rd interlayer insulation film, and it 
is the layer formed simultaneously with the 2nd interlayer insulation film 622 in drawing 6 (A), and the 
3rd interlayer insulation film 623, respectively. Moreover, the 3rd interlayer insulation film 648 is 
removed in the field shown by 649, and the black mask 650 is formed on it. Therefore, in the field shown 
by 649, the auxiliary capacity 651 which becomes by the laminated structure of the connection wiring 
645, the 2nd interlayer insulation film 647, and the black mask 650 is formed. 

[0106] If it is a configuration as shows the auxiliary capacity 651 to drawing 6 (B), since the capacitance 
(capacity) of auxiliary capacity will be decided with the 2nd interlayer insulation film 647, capacity can be 
earned by making thin using an ingredient with high specific inductive capacity, or thickness. For 
example, an insulator layer with specific inductive capacity high as the 2nd interlayer insulation film 647 
is desirable. Moreover, the thickness of 100 - 300 ** is suitable for the thickness. 

[0107] However, since it must leave only the 2nd interlayer insulation film 647 in the field shown by 649 
for forming the auxiliary capacity 651 and the 3rd interlayer insulation film 648 must be removed, the 
2nd and 3rd interlayer insulation film must be able to take the selectivity of etching, respectively. In 
such semantics, the cascade screen of the oxidation silicon film or the oxidation silicon film, and a 
silicon nitride film is effective as the 2nd interlayer insulation film 647. 

[0108] Next, the black mask 650 is covered with the 4th interlayer insulation film 652, and the pixel 
electrode 653 is formed on it. At this time, the pixel electrode 653 is electrically connected with the 
drain field 633 through the connection wiring 645. For this reason, it can be considered that the auxiliary 
capacity 651 is the capacity connected to the serial to the pixel electrode 653. In addition, the 4th 
interlayer insulation film 652 is the same layer as the 4th interlayer insulation film 624 in drawing 6 (A). 
[0109] The substrate shown by 654 is an opposite substrate which formed the counterelectrode 655, 
the liquid crystal layer 656 is pinched by sticking the active-matrix substrate 631 and the opposite 
substrate 654, and the liquid crystal cell 1 12 in drawing 1 is formed. 

[01 10] Next, the plan of the pixel field 1 10 is explained using drawing 7 . In addition, although the layers 
above the pixel electrode 714 (a liquid crystal layer, opposite substrate, etc.) are not illustrated in 
drawing 7 , the sectional view cut by the dotted line fundamentally shown by A-A' is equivalent to 
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. drawing 6 R> 6 (B). 

[01 13] As for a barrier layer, and 703 and 704, in drawing 7 , a gate line, and 705 and 706 are [ 701 and 
'702 ] source lines. The field which has been arranged so that two or more source lines and gate wiring 
may intersect perpendicularly actually, and has been arranged in the shape of [ which were surrounded 
by the source line and the gate line / two or more ] a matrix functions as a pixel field 1 10 in drawing 1 . 
Moreover, the gate wiring 704 is equivalent to the gate electrode 641 of drawing 6 (B), and the source 
lines 705 and 706 are equivalent to the source lines 644 and 646 of drawing 6 (B), respectively. 
[01 12] Moreover, in the upper part of a barrier layer 702, the gate line 704 is overlapped in three places. 
That is, the triple gate mold TFT used as the structure same with having connected three pixels TFT to 
the serial is constituted. Of course, although the example of the triple gate mold TFT was shown as an 
example here, you may be the single gate mold TFT. 

[01 13] Moreover, it is also possible to arrange the gate wiring 705 and 706 in a lower layer, and to make 
it into structure like the reverse stagger mold TFT rather than barrier layers 701 and 702. In that case, 
it is desirable to use a heat-resistant high ingredient like the polish recon film as a gate electrode so 
that it can be equal also to heat-treatment like drawing 2 (E) performed in the production process of a 
silicon thin film. 

[01 14] Next, as for the contact section of a barrier layer 702 (source field 632) and the source line 705, 
and 708, 707 is [ the contact section of a barrier layer 702 (drain field 633) and the connection wiring 
709 and 710 ] the contact sections of the connection wiring 709 and the pixel electrode 71 1. The 
connection wiring 709 is equivalent to the connection wiring 645 in drawing 6 (B). 
[01 15] The field shown with the slash of 712 is a black mask shown by 650 in drawing 6 (B), and as it 
covers barrier layer 701 and 702, gate wiring 703 and 704, source line 705, and 706 top, it is formed. 
Moreover, the black mask 712 is superimposed on the connection wiring 709 in the field (field shown by 
649 in drawing 6 R> 6 (B)) shown by 713, and forms auxiliary capacity between the connection wiring 
709. 

[01 16] Moreover, on the black mask 712, the pixel electrode 71 1 (it is equivalent to the pixel electrode 
653 of drawing 6 (B)) is arranged through the 2nd interlayer insulation film 652. The pixel electrode 714 
is considered as the configuration by which the deep pool part is surely shaded with the black mask 712, 
and serves as an image display field in which the field shown by 714 which is not superimposed on the 
black mask 712 forms an image. In addition, actually, as shown on the pixel electrode 71 1 at drawing 6 
(B), the liquid crystal cell 1 12 which the opposite substrate 654, a counterelectrode 655, and the liquid 
crystal layer 656 are arranged, and is shown in drawing 1 is constituted. 

[01 17] Next, the making process for forming the pixel field shown in the CMOS structure and drawing 6 
(B) which were shown in drawing 6 (A) on the same substrate is explained using drawing 8 and drawing 
9 . In addition, in order to clarify response relation, the sign used by explanation of drawing 6 (A) and 
drawing 6 R> 6 (B) is used if needed. 

[01 18] First, the 1st insulator layer 805 which serves as a pattern of the gate dielectric film of the 
barrier layers 802-804 and Ushiro who become with the silicon thin film of this invention according to 
the process shown in the example 1 is formed on the quartz substrate 801. At this time, the barrier 
layer of the N channel mold TFT601 and 803 become the barrier layer of the P channel mold TFT602, 
and 603 becomes [ 802 ] the barrier layer of a pixel TFT630. ( Drawing 8 (A)) 

[01 19] A process until it results [ from formation of the gate electrode indicated below ] in an ion 
implantation is based on a technique given [ by this invention persons ] in JP.7-135318.A. Therefore, 
detailed conditions etc. are good to refer to this official report. 

[0120] After forming the pattern which becomes with the ingredient which uses aluminum as a principal 
component above barrier layers 802-804, porous oxide films on anode 806-808 and precise oxide films 
on anode 616, 617, and 642 are formed by two anodic oxidation. Moreover, the gate electrodes 614, 615, 
and 641 demarcate after an anodic oxidation process. Moreover, as mentioned above, since a pixel 
TFT630 is the triple gate mold TFT of a configuration like drawing 7 , the gate electrode 641, the porous 



-19- 



oxide film on anode 808, and the precise oxide film on anode 642 are common to all three patterns 
illustrated. 

"[0121] In this way, if the condition which shows in drawing 8 (B) is acquired, dry etching of the 1st 
insulator layer 805 will be performed by using a gate electrode and a porous anodized film as a mask, 
and gate dielectric film 612, 613, 638-640 will be formed. 

[0122] And the porous oxide films on anode 806-808 are removed, and a high acceleration P ion 
implantation and a low acceleration P ion implantation are performed. The source field 604 of the N 
channel mold TFT601, the drain field 606, the low concentration impurity range (called a LDD field) 608, 
and the channel formation field 610 are formed of this process. Moreover, the source field 632 of a pixel 
TFT630 (N channel mold), the drain field 633, the low concentration impurity range 637, and the channel 
formation fields 634-636 are formed. 

[0123] In addition, P ion is added by the barrier layer of this time P channel mold TFT602, and the 
above-mentioned source field 604, the drain field 606, the fields 809 and 810 containing P ion of this 
concentration and the above-mentioned low concentration impurity range 608, and the field 811 
containing P ion of this concentration are formed. 

[0124] Next, the resist mask 812 is formed so that only the P channel mold TFT602 may be exposed, 
and a high acceleration B ion implantation and a low acceleration B ion implantation are performed. Of 
this process, the fields 809-811 containing P ion in drawing 8 (C) are altogether reversed to P type, and 
the source field 605 of the P channel mold TFT602, the drain field 607, the low concentration impurity 
range 609, and the channel formation field 61 1 are formed. ( Drawing 8 (D)) 

[0125] If the above ion-implantation processes are used, the barrier layer of the N channel mold TFT 
and the barrier layer of the P channel mold TFT can be formed on the same substrate only at 1 time of 
a patterning process. Since it uses especially combining a technique given in JP, 7-1 3531 8,A by this 
example, a low concentration impurity range can be easily formed without needing a special process 
which forms a sidewall. 

[0126] Moreover, after an ion-implantation process, crystalline restoration of the barrier layer confused 
by the activation and the ion implantation of impurity ion which were added is performed. What is 
necessary is just to use heating means, such as furnace annealing, laser annealing, and lamp annealing, 
as an activation means. 

[0127] Next, after forming the oxidation silicon film as the 1st interlayer insulation film 618 (or 643) and 
forming a contact hole, the source lines 619, 620, 644, and 646 and a drain wire 621, and the connection 
wiring 645 are formed. Then, a cascade screen is formed as the 2nd interlayer insulation film 622 (or 
647) in order of the silicon nitride film of 500 ** thickness, and the oxidation silicon film of 250 ** 
thickness. 

[0128] Furthermore, it is polyimide as the 3rd interlayer insulation film 623 (or 648). 0.5-3 It forms in the 
thickness of mum (preferably 1-1.5 mum). Moreover, opening for forming auxiliary capacity is prepared in 
the field shown by 649 in the 3rd interlayer insulation film 623. What is necessary is just to perform 
formation of opening by the dry etching method. At this time, the oxidization silicon film of the 2nd 
interlayer insulation film 622 functions as an etching stopper of polyimide. ( Drawing 9 (A)) 
[0129] Next, the titanium film is formed in the thickness of 2000A as a black mask 650, and the auxiliary 
capacity 651 is formed simultaneously. Furthermore, it is polyimide as the 4th interlayer insulation film 
624 (or 652). 0.5-3 Membranes are formed in the thickness of mum (preferably 1-1.5 mum). And after 
forming a contact hole, the pixel electrode 653 which becomes by the transparence electric conduction 
film is formed. 

[0130] Thus, it is an important element in this invention to form the 3rd interlayer insulation film 623 and 
4th interlayer insulation film 624 with organic nature resin ingredients (typically polyimide, an acrylic, a 
polyamide, polyimidoamide, etc.). The biggest description of an organic nature resin ingredient is a thing 
with low (2.0 -3.4 extent) specific inductive capacity, and, thereby, can reduce the parasitic capacitance 
during wiring substantially. That is, in case the circuit which needs RF actuation, such as a logical circuit, 
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is constituted, lowering of working speed can be controlled effectively. 

[013J] It hydrogenates by heat-treating the obtained whole TFT in a hydrogen ambient atmosphere at 
"the end, and reduction of the dangling bond in a barrier layer is aimed at. In this way, the active-matrix 
display on which CMOS structure and Pixel TFT as shown in drawing 9 (B) were really formed on the 
same substrate is completed. In addition, it is effective to cover completed TFT by passivation film, such 
as a silicon nitride film, when preventing degradation of TFT with the passage of time. 
[0132] [Example 3] In constituting the active-matrix display shown in drawing 1 in the example 1, it said 
that the silicon thin film which this invention persons invented is required, and the example 2 explained 
the making process to the CMOS structure and the pixel TFT structure list which consist of TFT(s) 
which used the silicon thin film actually. 

[0133] This example explains the configuration for acquiring the circuit property optimal according to an 
application (according to circuitry) on a active-matrix display as shown in drawing 1 supposing the case 
where TFT of this invention is arranged. 

[0134] The fundamental main point of this example is to optimize the structure of TFT which constitutes 
a circuit like where the optimal property or an indispensable property is acquired for every logic, based 
on the actuation capacity needed for every logical circuit differing. A means for that is explained 
supposing the case where the active matrix liquid crystal display corresponding to VGA (640x480 pixel) 
shown with a block diagram as shown in drawing 10 (A) js constituted. 

[0135] drawing 10 (A) — setting — 11 — for the shift register for horizontal scannings, and 14, as for 
the oscillator for vertical scannings, and 16, the shift register for vertical scannings, and 17 and 18 are 
[ a pixel matrix circuit and 12 / the oscillator for horizontal scannings, and 13 / a D/A converter and 
15 ] buffers. Here, since it is considering as circuitry bearing digital actuation in mind, a latch circuit is 
contained in the shift register 13 for horizontal scannings. Moreover, for a phase comparator (a low pass 
filter is included) and 20, as for a counting-down circuit and 22, a voltage-controlled oscillator and 21 
are [ 19 / an arithmetic circuit and 23 ] memory circuits. Moreover, a bit signal (digital signal) for a 
horizontal and a Vertical Synchronizing signal, and 25 to choose the analog signal for a gradation display, 
and for 24 choose an analog signal 25, as for 26 and 27 are picture signals sent from the outside. 
[0136] In addition, what is necessary is to include the oscillator 12 for horizontal scannings in drawing 10 
R> 0 (A), A/D converter 14, the oscillator 15 for vertical scannings, a phase comparator 19, the voltage- 
controlled oscillator 20, a counting-down circuit 21, an arithmetic circuit 22, and all the circuits of 
memory circuit 23 grade in a logical circuit 105, and just to form in it by suitable arrangement in the 
active-matrix display shown by drawing 1 , if needed. 

[0137] In a block diagram as shown in drawing 10 (A), the engine performance (property) from which the 
electrical circuit (a pixel matrix circuit, a driver line, and logical circuit) which has each function differs 
by the function is required. In order that especially a logical circuit may perform processing 
conventionally performed by IC by TFT, drive frequencies (clock frequency for driving the circuit etc.) 
are required to a very high thing. 

[0138] Although it can say that it is fundamentally better as drive frequency is quick, it will be the 
requisite that the maximum drive frequency uses TFT which was explained in the example 1 and in 
which high-speed actuation is possible since the engine performance of each TFT which constitutes a 
circuit influences greatly. 

[0139] For example, in the case of VGA, a horizontal, Vertical Synchronizing signal 24, and a clock signal 
are about 25MHz. That is, as a clock frequency which drives the shift register 13 for horizontal 
scannings, and the shift register 16 for vertical scannings in order to reproduce a picture signal on a 
display faithfully, 25MHz about 50MHz is preferably required also by minimum. Therefore, the drive 
frequency of 50MHz (0.05GHz) extent is altogether needed also for D/A converter 14 which receives a 
source signal and a gate signal from each shift registers 13 and 16, buffers 17 and 18, and the pixel 
matrix circuit 1 1 . 

[0140] Moreover, the high drive frequency whose oscillator 12 for horizontal scannings and oscillator 15 
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"for vertical scannings which oscillate the clock signal which synchronized with level and Vertical 
Synchronizing -signal 24 to each shift registers 13 and 16 are 0.1 - 0.5 GHz extent since shift registers 

"several times the drive frequency of 13 and 16 are needed may be needed. 
- " [0141] Furthermore, the function for amending the phase contrast of this clock signal, and level and a 
Vertical Synchronizing signal 24, and synchronizing it is performed by a phase comparator 19, the 
voltage-controlled oscillator 20, and the counting-down circuit 21. Therefore, the drive frequency of 0.1 
- 0.5 GHz extent is needed also for each of a phase comparator 19, the voltage-controlled oscillator 20, 
and a counting-down circuit 21. 

[0142] Moreover, when considering as the configuration which is shown in the block diagram of drawing 
10 (A) and which oscillates level and Vertical Synchronizing signal 24, and an analog signal 25 in an 
arithmetic circuit 22 like, very high drive frequency (0.2 - 2 GHz) is required of an arithmetic circuit 22, 
and it sells to it. In order for the memory circuit 23 for memorizing the picture signal temporarily to it 
and coincidence to also perform information on an arithmetic circuit 22 at a high speed, 0.2 - 2 GHz 
thing drive frequency is needed. 

[0143] As mentioned above, in order to form circuitry as shown with the block diagram of drawing 1 0 on 
the same substrate, TFT which can respond to a very broad drive frequency region must be realized. 
But in the case of this invention, a desired frequency can be obtained by channel length's control using 
the frequency characteristics of each TFT increasing in proportion to the inverse number of the square 
of channel length L theoretically. 

[0144] Of course, since the silicon thin film used for this invention can control a short channel effect, 
without using the channel doping method according to the unique crystal structure, the description that 
desired drive frequency can be obtained only by changing channel length is acquired. 
[0145] By the way, if improvement in frequency characteristics is aimed at by making channel length (L) 
small, drain pressure-proofing of TFT will pose a problem by one side. This problem is solvable by 
weakening the electric field built near the drain. In such a case, in order to secure drain pressure- 
proofing, carrying out RF actuation, it is desirable to reduce the burden which lowers operating voltage 
(supply voltage: VDD), and starts drain junction. For that purpose, it will be necessary to lower a 
threshold electrical potential difference. 

[0146] Although lowering of the threshold electrical potential difference by the short channel effect was 
conventionally controlled by the channel dope, in TFT of this invention, each other is offset by the 
narrow channel effect produced in a silicon thin film. Therefore, a threshold electrical potential 
difference is easily controllable by making thickness of gate dielectric film thin. 

[0147] in that case, the approach of carrying out the laminating of the control of the thickness of gate 
dielectric film selectively using a mask — being the so-called — LOCOS — what is necessary is just to 
use the approach of oxidizing a silicon thin film selectively using a mask like law etc. 
[0148] Therefore, it becomes possible to make actuation with desired drive frequency and operating 
voltage perform by changing the thickness (T) of channel length (L) and gate dielectric film according to 
a required circuit. However, it is possible and the configuration of such this example is very difficult to 
carry [ TFT of this invention shown in the example 1, therefore ] out this configuration in response to 
the effect of a short channel effect in the conventional TFT. 

[0149] Moreover, since power consumption increases in proportion to the square of operating voltage 
(VDD), the low thing of operating voltage is fundamentally desirable [ in order to perform a suitable 
circuit design, it is required to also take into consideration the operating voltage needed not only in drive 
frequency, but ]. 

[0150] However, in order that the pixel TFT which constitutes the pixel matrix circuit 1 1 in drawing 10 
(A) may take into consideration the threshold electrical potential difference (it is **5V with TN 
ingredient) of a liquid crystal ingredient, and the own threshold electrical potential difference (a margin is 
seen and it is ** 2-3 V) of pixel TFT, in the actual condition, about [ 14-16V ] operating voltage is 
needed. 
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[0151] Therefore, in drawing 10 (A), 14 - 16V order is needed in the pixel matrix circuit 11, shift 
registers 13 and 16, D/A converter 14, a buffer 17, and 18 grades. Moreover, although not illustrated in 
"the block diagram of drawing 10 (A), if a level shifter is in front of a buffer, the operating voltage will also 
be made into 14 - 16V order. 

[0152] As mentioned above, in the present liquid crystal display, there is mainly constraint of a liquid 
crystal ingredient, and the operating voltage of the circumference of a pixel matrix circuit is about 14- 
16V in many cases. Then, since the circuit which has about operating voltage 14-16V and the engine 
performance of 50MHz of drive frequencies is constituted from this example, CMOS structure as shown 
' n drawing 10 (B) is adopted. 

[0153] Drawing 10 (B) is the CMOS structure explained by drawing 6 (A), and omits the detailed 
explanation about structure here. In drawing 10 (B), the channel length (L1) 28 of TFT and the thickness 
(T1) 29 of gate dielectric film are important. In addition, with the channel length who says here, it is 
equivalent to the die length of a channel formation field, i.e., the line breadth of the gate electrode which 
may function as an electrode substantially. Therefore, the die length of an offset field, a LDD field, etc. 
is not contained in channel length. 

[0154] Since drive frequency is about 50MHz in the case of the circuit which should use the structure 
of drawing 10 (B), in TFT of this invention, channel length (L1) 28 is. 1.5-2.5 (typically 2 mum) are 
enough. Moreover, operating voltage raises drain pressure-proofing by forming the thickness (T1) of gate 
dielectric film with 14-16V, somewhat as more thickly as 1000-2000A (typically 1200A), since it is high. 
[0155] In addition, this invention persons are calling TFT with the need of driving in the high operating 
voltage field exceeding 10V as shown in drawing 10 (B) the high proof-pressure actuation mold TFT (or 
low frequency actuation mold TFT). As for the high proof-pressure actuation mold TFT, it is desirable to 
make thickness of gate dielectric film into 1000A or more. 

[0156] In addition, TFT of this invention is about shift registers 13 and 16 and D/A converter 14 in using 
the pixel TFT of a triple gate mold ****, although operating satisfactory also by 16V actuation is 
confirmed experimentally. As for performing the device which gives allowances to drain pressure- 
proofing of TFT, it is effective in improvement in dependability, or reduction of power consumption to 
make it drive by 9-1 0V etc. Moreover, TFT made to drive by 9-1 0V is the thickness of gate dielectric 
film. Drive frequency can also be raised more by considering as 700-1 000A (typically 800 **) extent. 
[0157] Next, they are these circuits although it is about the case of the oscillator 12 for horizontal 
scannings, the oscillator 15 for vertical scannings, a phase comparator 19, the voltage-controlled 
oscillator 20, and a counting-down circuit 21. Since the drive frequency of 0.1 - 0.5 GHz extent is 
needed, CMOS structure as shown in drawing 10 (C) is adopted. 

[0158] The description of the CMOS structure shown in drawing 10 (C) is for channel length (L2) 30 to 
have become small, and for the thickness (T2) 31 of gate dielectric film have become thin rather than 
the CMOS structure shown in drawing 10 (B). That is, the device dimension is smaller on the whole than 
the structure of drawing 10 (B). 

[0159] The case of TFT of this invention, in order to realize drive frequency of 0.1 - 0.5 GHz extent, it is 
about channel length (L2) 30. 0.5-1.0 What is necessary is just to form in the submicron field of mum 
(typically 0.7 mum). Moreover, since drain pressure-proofing poses a problem with improvement in drive 
frequency as mentioned above, it is about the thickness (T2) 31 of gate dielectric film. Operating voltage 
is lowered to about 5V by considering as 400-600 ** (typically 500 **). 

[0160] Next, an arithmetic circuit 22 and a memory circuit 23 Since the very high drive frequency of 0.2 
- 2 GHz extent may be needed, CMOS structure as shown in drawing 10 (D) is adopted. Channel length 
(L3) 32 is made detailed by even the deep submicron field, and the CMOS structure shown in drawing 10 
(D) becomes very thin [ thickness (T3) 33 of gate dielectric film ]. 

[0161] The case of TFT of this invention, in order to realize drive frequency of 0.2 - 2 GHz extent, it is 
about channel length (L3) 32. 0.1-0.5 It is referred to as mum (typically 0.35 micrometers), and is about 
thickness (T3) 33 of gate dielectric film. Operating voltage can be reduced even to 3.3 V by considering 
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"as 200-400 ** (typically 300 **). 

[0162] in addition, more than 0.1 GHz as shown in drawing 10 (C) and (D) — a thing — this invention 
• persons are calling TFT driven in a high drive frequency field the RF actuation mold TFT. As for the RF 
actuation mold TFT, it is desirable to make thickness of gate dielectric film below into 500 **. 
[0163] As mentioned above, it becomes possible to realize the minimum frequency characteristics which 
a circuit requires by differing the channel length (L) of TFT, and the thickness (T) of gate dielectric film 
if needed, and the systematized active-matrix display which formed various logical circuits on the same 
substrate by it can be realized. 

[0164] Moreover, since it is possible to also reduce operating voltage at the same time it makes drive 
frequency increase, it is also possible to constitute a active-matrix display with dramatically low power 
consumption. Moreover, driving an electrical circuit like a logical circuit by 5V (or 3.3 V) has the 
advantage that the compatibility of close and the output of a signal is good, when it is necessary to 
combine with IC chip usually driven by 5V (or 3.3 V). 

[0165] It sets to this example and he is channel length (L). 0.1-2 It chooses from the range of mum 
suitably, and is the thickness of gate dielectric film (T). Although the example suitably chosen from the 
range of 200-1 500A was shown, it does not pass over the concrete numeric value shown in this example 
to what shows one example of this invention, and it is not limited to this. 

[0166] A point important about this example is in the point that the active-matrix display which is that 
the RF actuation mold TFT and the high proof-pressure actuation mold TFT may exist simultaneously 
on the same substrate, consequently carried the pixel matrix circuit, the driver line, and the logical 
circuit on the same substrate is realizable. 

[0167] From now on, the further detailed-ization of device size progresses and it can expect easily that 
the circuit which needs high-speed operation increases, the minimum of the selection range of channel 
length (L) in this invention becomes less than [ 0.01 micrometers or it ] then — will come out and I will 
be — it carries out and it is thought that the minimum of the selection range of the thickness (T) of 
gate dielectric film becomes less than [ 50A or it ]. this invention persons also assume possibility that 
the logical circuit which performs ultrahigh frequency actuation of 2GHz or more by TFT of this 
invention will be formed, and think in the future that this invention serves as a still more effective 
technique in such a case. 

[0168] [Example 4] In this example, easy explanation about the circuitry of the various logical circuits 
using TFT of this invention is given. Before explaining taking the case of the active-matrix display shown 
" n drawing 1 , the configuration of a basic inverter etc. is explained using drawing 1 1 . 
[01 69] First, drawing 1 1 (A) is an inverter circuit and consists of CMOS structures which combined the 
P channel mold TFT41 and the N channel mold TFT42 complementary. The circuit notation of an 
inverter circuit is expressed like 43. 

[0170] Drawing 1 1 (B) is a clocked inverter and consists of a P channel mold 44 and TFT 45 and an N 
channel mold 46 and TFT 47. In this case, clock signal CL is inputted into the gate electrode of the N 
channel mold 46 and TFT 47, and reversed clock signal CU is inputted into the gate electrode of the P 
channel mold 44 and TFT 45. The circuit notation of a clocked inverter is expressed like 48. Moreover, if 
the clock signal inputted into the N channel mold TFT and the P channel mold TFT is replaced, when the 
clocked inverter 44 shown in drawing 1 1 (B) is an ON state, it will become the clocked inverter of 
reversed polarity which will be in an OFF state. 

[0171] The circuit shown in drawing 1 1 (C) is an analog switch, it consists of an inverter 49, an N 
channel mold TFT50, and a P channel mold TFT51, and clock signal CU which clock signal CL reversed 
in the P channel mold TFT52 is inputted into the N channel mold TFT50. The circuit notation of an 
analog switch is expressed like 52. This analog switch has the same function as the clocked inverter 
shown in drawing 1 1 (B). Of course, the polarity (ON/OFF actuation) of an analog switch can be made 
into reverse by switching the polarity of the clock signal to input. 

[0172] It is the NAND circuit which is shown in drawing 1 1 (D), and consists of a P channel mold 53 and 
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TFT 54 and an N channel mold 55 and TFT 56. The circuit notation of a NAND circuit is expressed like 
57. Moreover, it is the NOR circuit which is shown in drawing 1 1 (E), and consists of a P channel mold 
"58 and TFT 59 and an N channel mold 60 and TFT 61. The circuit notation of a NOR circuit is expressed 
like 62. The NAND circuit shown in drawing 1 1 (D) outputs the reversal signal of the AND of an input 
signal, and the NOR circuit shown in drawing 1 1 (E) outputs the reversal signal of the OR of an input 
signal. 

[0173] Next, in the active-matrix display of drawing 1 , an example of the shift register for horizontal 
scannings contained in the source line driver line 103 and the basic structure of a latch circuit is briefly 
explained using drawing 12 . Of course, the configuration of a shift register and a latch is not limited to 
this, and even if it uses the bidirectional shift register which operates even if it replaces the travelling 
direction of a signal, it is not cared about. 

[0174] First, drawing 12 (A) shows the shift register circuit. Fundamentally, the combination of two or 
more steps of inverters 63 and clocked inverters 64 and 65 stands in a row in a serial, and a shift 
register circuit is constituted. At this time, the structure of an inverter 63 shows the structure of 
drawing 1 1 (A) and a clocked inverter 64 to drawing 1 1 (B). In addition, when a clocked inverter 65 has a 
clocked inverter 64 in an ON state, the reversed clock signal is inputted so that it may be in an OFF 
state. Moreover, an analog switch as shown in drawing 1 1 (C) instead of a clocked inverter 64 may be 
used. 

[0175] moreover, ** with which ** output signal does not lap since it has composition which takes and 
outputs an AND in NAND circuit 66 as shown in drawing 1 1 (D) with the configuration shown in this 
example in the output signal of eye N stage and eye a stage (N+1) (a pulse edge becomes steep) — the 
advantage of ** which can operate by twice as many drive frequency as this substantially can be 
acquired. 

[0176] Next, the signal a outputted from the shift register circuit is divided into signal a reversed with 
Signal a using the inverter 67, and progresses to the latch circuit shown by drawing 12 (B). And Signal a 
and reversed signal a are inputted as the 1st step of latch's 69 clock signal connected two or more bit 
signal lines 68 of every. In addition, it is a bit signal line N book, then N2 The image display of gradation 
is possible. 

[01 77] Next, if clock signal b and b' inputs into the 2nd step of latch 70, the signals which the latch 69 
of plurality (N individual) held will progress to the latch 70 of N individual all at once. And the signal 
which progressed to the latch 70 uses an inverter 71, and is a signal d and d1. And it is divided into 
signal d' and d1' which were reversed. In addition, although the line sequential color TV system is made 
into the example here, actuation fundamental also at a line sequential color TV system is the same. 
[0178] In this way, the bit signal (c1 c1, d1 .., and \ d1 \.) outputted from the latch circuit progresses to 
the D/A converter shown in drawing 12 R> 2 (C). As for an analog switch 72 (refer to drawing 1 1 (C)), it 
is connected to a serial in the D/A converter shown in drawing 12 (C), the number and the same number, 
i.e., N individual, of the bit signal line 68. And the train 74 which becomes with the analog switch of the N 
individual is the number of the analog signal line 73, and the same number, N2 [ i.e., ]. Only the book is 
connected to juxtaposition with the list and the analog signal line which is predetermined respectively. 
[0179] The D/A converter of this example is N2 by combining two or more analog switches 72. It has 
composition which takes out a gradation signal from the analog signal line 73 of a book selectively. The 
principle of operation is explained briefly below. 

[0180] first, 1st bit line from — a bit signal (d and cV) is taken for an example. The bit signal sent from 
the latch circuit of drawing 1 2 (B) is N2 located in a line with the maximum upper case (the 1st step) in 
drawing 12 (C). It is inputted as a clock signal to all the analog switches of an individual. And N2 It is 
designed so that it will be in an ON state with regularity with some of the analog switches of an 
individual and the remainder may be in an OFF state. 

[0181] The 2nd step of analog switch will also make a clock signal the bit signal from 2nd bit line (d and 
d') as mentioned above, and it will be in an ON state or an OFF state. At this time, ON/OFF state is 
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"designed so that it may have regularity which is different in the 1st step. 

[0182] The above designs are made and the 3rd step or subsequent ones is N2 eventually. Only any 1 
"train of the train 74 with which only the book was located in a line is designed so that the analog 
switches of all N individuals may surely be in an ON state. Thus, N2 It is designed by the appearance as 
which only one analog signal line is always chosen among the analog signal lines of a book. 
[0183] Next, an example of the circuitry of the phase comparator 114 arranged at the active-matrix 
display of drawing 1 , LPF (low pass filter)1 15, the voltage-controlled oscillator 1 16, and a counting- 
down circuit 1 1 7 is shown in drawing 1 3 . 

[0184] It is the phase comparator 1 14 which is shown in drawing 13 (A), and is constituted combining 
the inverter 76 (refer to drawing 1 1 (A)) of four NAND circuits [ 75 (refer to drawing 1 1 (D)) or 2 ]. 
Moreover, LPF115 consists of the resistance 77 and capacity 78 which are connected to the output 
terminal of a phase comparator 1 14. 

[0185] It is the voltage-controlled oscillator 1 16 which is shown in drawing 13 (B), and is constituted 
combining an inverter 79, the NNAD circuit 80, NOR circuit 81 (refer to drawing 1 1 (E)), the P channel 
mold TFT82, and the N channel mold TFT83. In addition, 84 is a circuit which constitutes a constant 
current source. 

[0186] It is the counting-down circuit 117 which is shown in drawing 13 (C), and the T-F/F (toggle flip 
flop) circuit 85 is connected to a serial, and it is constituted. What is necessary is just to set up the 
number to connect suitably by to what extent dividing is carried out. In addition, the T-F/F circuit 85 
forms and constitutes a loop formation from clocked inverters 86 and 87 and an inverter 88. Since 
clocked inverters 86 and 87 and an inverter 88 were already explained to the detail, it omits. 
[0187] In the above, this example explained the circuitry included in the active-matrix display of drawing 
1 . However, it is possible to constitute various logical circuits from combining the circuit used as bases 
as shown in drawing 1 1 (A) - (B), and still more complicated circuitry can be performed. 
[0188] [Example 5] This example explains the example in the case of forming CMOS structure with a 
different making process from what was explained using drawing 8 and drawing 9 . In addition, 
explanation in this example is given only paying attention to CMO structure using drawing 14 . 
[0189] First, barrier layers 1402 and 1403 are formed on the quartz substrate 1401. And after forming 
the oxidation silicon film (next gate dielectric film) 1404, the gettering process (heat-treatment in the 
ambient atmosphere containing a halogen) of a catalyst element is performed, and conversion is carried 
out to the silicon thin film which uses barrier layers 1402 and 1403 for this invention. So far, according 
to the process shown in the example 1, it is producible. 

[0190] Next, the pattern (not shown) which becomes with the ingredient which uses aluminum as a 
principal component is formed on a barrier layer 1402 and 1403, after that, it anodizes in the ethylene 
glycol solution containing 3% of tartaric acid, and the precise oxide films on anode 1405 and 1406 are 
formed. Moreover, the gate electrodes 1407 and 1408 demarcate here. 

[0191] In this way, if the condition of drawing 1 4 (A) is acquired, the impurity ion which gives 1 
conductivity to barrier layers 1402 and 1403 in this condition next will be poured in. In addition, this ion- 
implantation process is performed so that P ion may be added in the N channel mold TFT and it may add 
B ion in the P channel mold TFT using a resist mask. And the N type impurity ranges 1409 and 1410 and 
the P type impurity ranges 141 1 and 1412 are formed of this ion-implantation process. 
[0192] When impregnation of impurity ion is completed, it is about a silicon nitride film 1413. 0.5-1 
Membranes are formed in the thickness of mum. The membrane formation approaches may be any of a 
reduced pressure heat CVD method, a plasma-CVD method, and a spatter. Moreover, the oxidation 
silicon film may be used in addition to a silicon nitride film. 

[0193] In this way, the condition of drawing 14 (B) is acquired. When the condition of drawing 14 (B) is 
acquired, next, a silicon nitride film 1413 is etched by the etchback method, and only the side 
attachment wall of the gate electrodes 1407 and 1408 is made to remain. Sidewalls 1414 and 1415 are 
formed in the side attachment wall of the gate electrodes 1407 and 1408 of this process. 
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[0194] Next, the oxidization silicon film 1404 is etched by the dry etching method by using sidewalls 
1414 and 1415 and the gate electrodes 1407 and 1408 as a mask. Of this process, gate dielectric film 
"1416 and 1417 is formed in the condition that it is shown in drawing 14 (C). 
[0195] And impurity ion is again poured in in the condition which shows in drawing 14 (C). The N channel 
mold TFT and the P channel mold TFT are had good control of striking in any direction like [ this ion- 
implantation process ] a previous ion-implantation process. Moreover, the dose presupposes that it is 
higher than the dose of a previous ion implantation at this time. 

[0196] Since, as for a sidewall 1414 and the fields 1418-1421 of 1415 directly under, an ion implantation 
is not performed in the case of this ion implantation, it is changeless to the concentration of impurity ion. 
However, the impurity ion of further high concentration [ fields / 1422-1425 / which were exposed ] will 
be poured in. 

[0197] The source field 1422 of the N channel mold TFT, the drain field 1423, the low concentration 
impurity ranges 1418 and 1419, the channel formation field 1426 and the source field 1425 of the P 
channel mold TFT, the drain field 1424, the low concentration impurity ranges 1420 and 1421, and the 
channel formation field 1427 are formed through the 2nd above ion implantation. ( Drawing 14 (C)) 
[0198] When the condition of drawing 1 4 (C) is acquired through the above process, the tungsten film 
which the thickness of 300 ** does not illustrate is formed, and the tungsten film and the silicon film 
(barrier layer) are made to react. And after removing the tungsten film, tungsten silicide 1428-1431 is 
formed in the front face of the source fields 1422 and 1425 and the drain fields 1423 and 1424 by 
performing heat-treatment by lamp annealing etc. In addition, this process may use the tantalum film, 
the titanium film, the molybdenum film, etc. instead of the tungsten film. 

[0199] Next, the oxidation silicon film is formed in thickness of 5000A as an interlayer insulation film 
1432, and the source lines 1433 and 1434 and a drain wire 1435 are formed. Furthermore, the 2nd 
-interlayer insulation film 1436, the 3rd interlayer insulation film 1437, and the 4th interlayer insulation 
film 1438 are formed in the process which forms a pixel matrix circuit. In this way, the CMOS structure 
shown in drawing 14 (D) is acquired. 

[0200] If it is the structure (Salicide structure) where TFT is shown by this example, since the source / 
drain electrode will connect with the source / drain field through titanium silicide 1428-1431, good 
ohmic contact is realizable. Therefore, a load can constitute the small high circuit of drive frequency. 
[0201] [Example 6] This example explains the example in the case of forming CMOS structure with a 
different making process from what was explained using drawing 8 , drawing 9 , and drawing 1414 . 
Explanation uses drawing 1 5. 

[0202] First, according to the making process shown in the example 1, the oxidation silicon film 15014 
which turns into barrier layers 1502 and 1503 on the quartz substrate 1501, and turns into gate 
dielectric film behind is formed. And the gate electrodes 1505 and 1506 which become with the silicon 
thin film which gave 1 conductivity are formed on it. (Drawing 1 5 (A)) 

[0203] If the condition of drawing 15 (A) is acquired, the impurity ion which gives 1 conductivity to 
barrier layers 1502 and 1503 in this condition next will be poured in. In addition, an ion-implantation 
process adds selectively and performs P ion and B ion. And the N type impurity ranges 1507 and 1508 
and the P type impurity ranges 1509 and 1510 are formed of this ion-implantation process. 
[0204] If impregnation of impurity ion is completed, a silicon nitride film 151 1 will be first formed at the 
same process as an example 5, and sidewalls 1512 and 1513 will be formed after that using the etchback 
method. And the oxidization silicon film 1504 is etched at the still more nearly same process as an 
example 5, and it forms in the condition which shows gate dielectric film 1514 and 1515 in drawing 15 
(C). 

[0205] And impurity ion is again poured in in the condition which shows in drawing 15 (C). The N channel 
mold TFT and the P channel mold TFT are had good control of striking in any direction like [ this ion- 
implantation process ] a previous ion-implantation process. Moreover, the dose presupposes that it is 
higher than the dose of a previous ion implantation at this time. 
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"[0206] In this way, the source field 1516 of the N channel mold TFT, the drain field 1517, the low 
concentration impurity ranges 1518 and 1519, the channel formation field 1520 and the source field 1521 

-of the P channel mold TFT, the drain field 1522, the low concentration impurity ranges 1523 and 1524, 
and the channel formation field 1525 are formed. 

[0207] Next, the Salicide process as shown in the example 5 is performed using the titanium film. 
Consequently, titanium silicide 1526-1531 is formed in the top face of the gate electrodes 1505 and 
1 506 at the source fields 1516 and 1 522 and the drain fields 1517 and 1 521 , and a pan. 
[0208] Next, the CMOS structure which forms an interlayer insulation film 1532, forms the source lines 
1533 and 1534 and the drain wire pole 1535, forms the 2nd interlayer insulation film 1536, the 3rd 
interlayer insulation film 1537, and the 4th interlayer insulation film 1538, and is shown in drawing 15 (D) 
is acquired, the case of this example — CH1TASHI LISA — the good ohmic contact of wiring and TFT is 
realizable through the id. Since titanium silicide 1530 and 1531 is formed also on the gate electrodes 
1505 and 1506, the advantage of this example is a point that the load resistance concerning a gate line 
can be reduced. 

[0209] [Example 7] In carrying out this invention, it was already said that the silicon thin film obtained 
according to the process explained by drawing 2 of an example 1 is required. This example shows the 
example in the case of using for this invention the silicon thin film crystallized with a different means in 
an example 1. 

[0210] In drawing 2, if the condition (phase which the heat-treatment for crystallization ended) which 
shows in drawing 2 (C) is acquired, the oxidation silicon film 203 used as a mask will be removed. If the 
oxidation silicon film 203 is removed, annealing by the excimer laser which used KrF (wavelength of 
248nm), XeCI (wavelength of 308nm), etc. as excitation gas will be performed. In addition, even if Saki 
who processes a silicon thin film into an islandHike pattern, or Ushiro also performs this laser annealing 
process by which, it is not cared about. 

[0211] The remarkable improvement of crystallization of the amorphous component which remained 
slightly in the crystal silicon thin film, and the crystallinity of crystal silicon is made by the above- 
mentioned laser annealing. Thus, even if it uses the obtained silicon thin film, the active-matrix display 
of this invention can be formed. The advantage of this example is a point which can use a glass 
substrate cheap as a substrate substrate of a active-matrix display. That is, reduction of a 
manufacturing cost can be aimed at. 

[0212] However, the gestalt most desirable when carrying out this invention is using TFT which utilized 
the silicon thin film shown in the example 1, and, as for this example, it is desirable to use it, only when 
the need of using low thermal-resistance substrates, such as a glass substrate, as a substrate arises. 
[0213] Moreover, the process shown in the example 1 and the process of this example may be combined. 
That is, it does not matter as a configuration which performs the gettering process of a catalyst element 
after a laser annealing process. In that case, a crystalline, still higher silicon thin film can be formed. 
[0214] [Example 8] By this example, a technique given in JP,7-130652,A shows the example which adds 
the catalyst element which promotes crystallization with a different means. In addition, this example is 
effective when taking which crystallization means of an example 1 and an example 6. 
[0215] In drawing 16 (A), it is the oxidization silicon film (a silicon nitride film and an oxidization silicon 
nitride film are sufficient) with which the substrate (a glass substrate or quartz substrate) with which 
1601 has an insulating front face, the substrate film which 1602 becomes by the oxidization silicon film, 
and 1603 become an amorphous silicon thin film, and 1604 becomes a buffer layer. 

[0216] Moreover, 1605 is a resist mask and removes only the field which adds a catalyst element. As for 
exposure of a resist mask, it is desirable to use the exposing method which used the excimer laser, the 
exposing method using an electron beam, etc. 

[0217] Since the very detailed pattern formation of these exposing methods becomes possible 0.01-1.0 
The addition field of a catalyst element can be formed with the slit width of mum (typically 0.1-0.35 
micrometers). Moreover, if a direct resist pattern is drawn with an electron beam etc., the degree of 
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"freedom of the configuration of an addition field will also spread substantially. 
[0213] And ion is added as are shown in drawing on the left of drawing 16 (A), and the peak value of the 

*ion profile 1607 comes in the amorphous silicon thin film 1603. Therefore, into the silicon thin film 1603, 
the field 1606 where the catalyst element was added by predetermined concentration (preferably 3x1019 
- 1.5x1021 atoms/cm3) is formed. In addition, although the addition approach of ion should just be based 
on ion-implantation (ion plantation etc.) or the ion doping methods (plasma doping etc.), the ion- 
implantation which can add only a catalyst element is more desirable. 

[0219] Moreover, in this example, only the catalyst element which passed the bonnet and the buffer 
layer 1604 for the amorphous silicon thin film 1603 by the buffer layer 1604 is used. Therefore, the 
following effectiveness can be acquired. 

(1) There is no damage by ion addition in a direct report to the amorphous silicon thin film 1603. 

(2) Since near the peak value of the ion profile 1 607 is used, the addition of a catalyst element is 
controllable with sufficient repeatability. 

[0220] Moreover, thickness of a buffer layer 1604 An ion profile with sufficient repeatability is obtained 
by considering as 100-1500A (preferably 300-800 **). In the thickness not more than this, almost all ion 
becomes difficult [ it / to pass a buffer layer and to use near the peak value of an ion profile ]. 
Moreover, in the thickness beyond this, since it is necessary to make acceleration voltage quite high, 
the burden of equipment becomes large. 

[0221] Moreover, an optimum value changes by what kind of insulator layer this thickness uses as a 
buffer layer. For example, thickness of a buffer layer can be made thin by using a silicon nitride film 
more precise than the oxidization silicon film. 

[0222] Moreover, a means as shown in drawing 16 (B) is also possible as other operation gestalten. the 
approach of adding catalyst element ion into the silicon thin film 1606 directly without using a resist 
mask for the example shown in drawing 16 (B) — it is — FIB (Focussed Ion Beam) — it can carry out 
by using the technique which can irradiate ion like law only at a detailed spot. 

[0223] In this operation gestalt, as shown in drawing 16 (B), a pattern is directly drawn by the focused 
ion beam 1608, and the addition field 1609 of a catalyst element can be formed in a desired location in a 
desired configuration by it. 

[0224] As mentioned above, according to this example, it is the width of face of the addition field of a 
catalyst element 0.01-1.0 It can consider as the detailed thing of mum (typically 0.1-0.35 micrometers). 
Moreover, an addition field can also be directly drawn using an electron beam method, the FIB method, 
etc. As the above effectiveness, the configuration and location of a field which add a catalyst element 
can be freely designed to compensate for the arrangement configuration of TFT. 

[0225] [Example 9] This example shows an example in case drawing 7 considers the configuration of the 
pixel field of a transparency mold display as a different configuration to drawing 1 7. For a source line, 
and 1705 and 1706, as for the contact section of the source line 1706 and a barrier layer (source field) 
1702, and 1708, in the configuration shown in drawing 17, a gate line and 1707 are [ a barrier layer, and 
1703 and 1704 / 1701 and 1702 / the contact section of the connection wiring 1709 and a barrier layer 
(drain field) 1702 and 1710 ] the contact sections of the connection wiring 1709 and the pixel electrode 
1711. 

[0226] Moreover, 1712 is auxiliary capacity and is formed in the field which the black mask 1713 shown 
with a slash and the connection wiring 1709 superimpose. Moreover, the field 1714 which is not shaded 
with the black mask 1713 turns into an image display field. 

[0227] Since an arrangement configuration like this example can form the auxiliary capacity 1712 in a 
longitudinal direction (direction which goes to a top or the bottom toward space) when a pixel field is a 
longwise rectangle, when securing sufficient auxiliary capacity, it is effective. 

[0228] [Example 10] This invention can be applied to all electro-optics devices, and can be applied to an 
active matrix liquid crystal indicating equipment, a active-matrix mold EL indicating equipment, a active- 
matrix mold EC indicating equipment, etc. 
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" [0229] Moreover, it divides roughly into these active-matrix types [ like ] of display, and there are a 
transparency mold display and a reflective mold display. For example, a transparency mold liquid crystal 

" display arranges a back light in the background of a active-matrix substrate (substrate of the side which 
- " arranges TFT), and an image is recognized by seeing the light which penetrates a display. Moreover, a 
reflective mold liquid crystal display reflects the light which carried out incidence from the front-face 
side of a active-matrix substrate with the pixel electrode arranged at a active-matrix substrate, and an 
image is recognized by seeing the reflected light. 

[0230] With a transparency mold display and a reflective mold display, although there is no big difference , 
in TFT structure, the description is in the point that the ingredients which form a pixel electrode differ. 
For example, what is necessary is just to use transparent electrodes, such as ITO, as a pixel electrode 
71 1 (or pixel electrode 1711 in drawing 1 7) in drawing 7, when producing a transparency mold display. 
Moreover, what is necessary is just to use an opaque electrode with reflective effectiveness high as a 
pixel electrode 711 (or pixel electrode 1711), in considering as a reflective mold display. 
[0231] Thus, if TFT structure is changed somewhat, this invention is applicable to a transparency mold 
display and a reflective mold display. Especially a reflective mold display has the advantage that a design 
degree of freedom spreads compared with a transparency mold display in order not to make a numerical 
aperture a problem. For example, in the case of a reflective mold liquid crystal display, although it 
consists of parts for the window part to which a pixel field penetrates light almost like the image display 
field 714 (or image display field 1714) in the transparency mold liquid crystal display, since it is possible 
to form another circuit in the background of such an image display field, a degree of integration can be 
raised more. 

[0232] [Example 11] The example at the time of applying this invention to a color projection mold liquid 
crystal display is shown in drawing 18 (A). Drawing 18 (A) is an example of a veneer type projector which 
used the liquid crystal panel of one sheet, and consists of the source 1801 of the white light, UV filter 
(or infrared filter) 1802, polarizing plates 1803 and 1805, a liquid crystal panel 1804, and a projection lens 
1806. As a source 1801 of the white light, a halogen lamp, a metal halide lamp, or a high intensity 
discharge lamp can be used. 

[0233] Moreover, the active-matrix substrate 1810 with which the pixel field 1807 corresponding to 
[ like ] R (red) by which a liquid crystal panel 1804 is shown with an enlarged drawing, the pixel field 
1808 corresponding to G (green), and the pixel field 1809 corresponding to B (blue) were formed, The 
liquid crystal layer 1815 is pinched between the opposite substrates 1814 with which the light filter 1811 
corresponding to R (red), the light filter 1812 corresponding to G (green), and the light filter 1813 
corresponding to B (blue) were formed, and it is constituted between. 

[0234] In addition, it can consider as various configurations besides the above-mentioned configuration. 
For example, the spectrum of the light from the light source may be carried out to RGB with a dichroic 
mirror, and the approach of condensing each to each pixel field corresponding to RGB using a micro lens 
may be used. 

[0235] Moreover, drawing 18 (B) is an example of the 3 plate type projector using the liquid crystal panel 
of three sheets corresponding to RGB, and consists of the source 1820 of the white light, UV filter (or 
infrared filter) 1821, total reflection mirrors 1822-1824, dichroic mirrors 1825-1828, the liquid crystal 
panel 1832 corresponding to condensing lenses 1829-1 831 R, a liquid crystal panel 1833 corresponding 
to G, a liquid crystal panel 1834 corresponding to B, and a projection lens 1835. 

[0236] In addition, the projection mold liquid crystal display shown by drawing 18 (A) and (B) is good also 
as a data projector of a complete projection mold, and good also as a rear mold projector TV of a tooth- 
back projection mold. 

[0237] By using the active-matrix display of this invention as a projection mold liquid crystal display, 
since it becomes the configuration which included logical circuits, such as a digital disposal circuit, in the 
liquid crystal panel, the large miniaturization of equipment and low-pricing are realizable. 
[0238] [Example 12] This invention can be applied to various electro-optics devices besides the 



-30- 



projection mold liquid crystal display shown in the example 11. This example explains an example of the 
electro-optics device which can apply this invention using drawing 19. 
" [0239] As other examples of the electro-optics device using this invention, a video camera (digital), a 
still camera (digital), a head mount display, car navigation, a personal computer, Personal Digital 
Assistants (a mobile computer, cellular phone, etc.), etc. are mentioned. 

[0240] Drawing 19 (A) is a mobile computer (Mobile computer), and consists of a body 2001, the camera 
section 2002, the television section 2003, an actuation switch 2004, and a display 2005. A card mold 
mobile computer can be realized by including a display control circuit, an arithmetic circuit, etc. in a 
display 2005 with the application of this invention. 

[0241] Drawing 19 (B) is a head mount display, and consists of a body 2101, an indicating equipment 
2102, and the band section 2103. The miniaturization of equipment can be substantially attained by 
applying this invention to a display 2102. 

[0242] Drawing 19 (C) is a car-navigation system, and consists of a body 2201, an indicating equipment 
2202, an actuation switch 2203, and an antenna 2204. Since the information from a satellite is sent to a 
car-navigation system, the circuit of very high drive frequency is needed for signal processing. The 
further miniaturization of a car-navigation system and low-pricing are attained by applying this invention 
to an indicating equipment 2202. 

[0243] Drawing 19 (D) is a cellular phone and consists of a body 2301, the voice output section 2302, 
the voice input section 2303, an indicating equipment 2304, an actuation switch 2305, and an antenna 
2306. The display monitor corresponding to digital one can be carried by applying this invention to an 
indicating equipment 2304. 

[0244] Drawing 19 (E) is a video camera and consists of a body 2401, an indicating equipment 2402, the 
voice input section 2403, an actuation switch 2404, a dc-battery 2405, and the television section 2406. 
Since an equipment configuration is substantially simplified by applying this invention to a display 2402, 
very small equipment can be realized. 

[0245] As mentioned above, the application range of this invention is very wide, and applying to the 
display medium of all fields is possible. Moreover, since various functions can be given to the active- 
matrix display itself by applying this invention, the size of an electro-optics device becomes very small. 
In the future, all electro-optics devices can turn into a cardHzed pocket mold electro-optics device. 
[0246] 

[Effect of the Invention] First, the effectiveness which a very important basic technique brings about 
when carrying out this invention is described. The basic technique is giving the gettering process of the 
catalyst element by the halogen to the crystal silicon crystallized using the catalyst element, and the 
silicon thin film which has a very unique crystal structure object is obtained. 

[0247] TFT using the silicon thin film formed with a making process as shown in the example 1 has the 
description of having the subthreshold level multiplier which is equal to MOSFET which used single 
crystal silicon, and having high electric field effect mobility. Moreover, the silicon thin film with which a 
flat cylindrical crystal becomes by the crystal structure which come to gather has cylindrical or the 
effectiveness which controls a short channel effect in itself, even if it makes TFT detailed, it is not 
necessary to depend for it on the channel doping method etc., and it can realize a high proof pressure 
and a high-speed operation property. 

[0248] It becomes possible by using TFT with broad such very high engine performance, i.e., drive 
frequency region, and operating voltage region to form the RF actuation mold TFT and the high proof- 
pressure actuation mold TFT on the same substrate. 

[0249] Moreover, since a short channel effect can be controlled without depending on the channel 
doping method, TFT from which the engine performance of operation differs is realizable only by 
changing the channel length (L) of TFT, and the thickness (T) of gate dielectric film. Therefore, TFT 
which has a genuineness channel formation field genuineness or substantially by differing the thickness 
(T) of channel length (L) and gate dielectric film according to the property which a circuit requires can 
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be used in a broad drive frequency region and an operating voltage region. 

[0250] By the ability of the above effectiveness to have been acquired, the logical-circuit built-in 
" active-matrix display which has arranged the logical circuit, driver line, and pixel matrix circuit which 
loaded together the high frequency actuation mold TFT and the high proof-pressure actuation mold TFT 
on the same substrate is realizable. 

[0251] Since the active-matrix display of this invention carries a display control circuit, a memory 
circuit, and the logical circuit that may also include an arithmetic circuit ultimately in addition to a pixel 
matrix circuit or a driver line, it functions as a system display which was extremely excellent in various 
functions nature and portability. Moreover, since it is designed like, a RF actuation circuit becomes the 
thing excellent also in low-power nature whose operating voltage does not become large beyond the 
need. 

[0252] Furthermore, it is possible for it to be very small and lightweight and to offer a cheap electro- 
optics device by applying such a active-matrix display to an electro-optics device like for example, a 
projection mold liquid crystal display. 

[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of a active-matrix display. 

[Drawing 2] Drawing showing the formation process of a silicon thin film. 

[Drawing 3] The TEM photograph in which the crystal structure of a silicon thin film is shown. 
[Drawing 4] Drawing showing the electrical property of TFT. 
[Drawing 5] Drawing showing the structure of TFT. 

[Drawing 6] Drawing showing the cross section of CMOS structure and a pixel field. 
[Drawing 7] Drawing showing the pixel field seen from the top face. 
[Drawing 8] Drawing showing the making process of CMOS structure and a pixel field. 
'Drawing 9] Drawing showing the making process of CMOS structure and a pixel field. 
[Drawing 10] Drawing for explaining the arrangement configuration of a circuit. 
[Drawing 1 1] Drawing showing a fundamental circuit. 

[Drawing 12] Drawing for explaining the driver line for horizontal scannings. 
[Drawing 13] Drawing for explaining the circuit which constitutes logic. 
[Drawing 14] Drawing showing the making process of CMOS structure. 
[Drawing 1 5] Drawing showing the making process of CMOS structure. 
[Drawing 16] Drawing for explaining the addition approach of a catalyst element. 
[Drawing 1 7] Drawing showing the pixel field seen from the top face. 
[Drawing 18] Drawing showing the configuration of a projection mold display. 
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" [Drawing 19] Drawing showing the application to an electro-optics device. 

[Deacription of Notations] 
- 101 Substrate 
* 102 Pixel Matrix Circuit 

103 Source Line Driver Line 

104 Gate Line Driver Line 

105 Logical Circuit 

106 107 Source line 
108 109 Gate line 

110 Pixel Field 

1 1 1 Pixel TFT 

112 Liquid Crystal Cell 

1 13 Auxiliary Capacity 

114 Phase Comparator 

115 LPF 

116 Voltage-controlled Oscillator 

117 Counting-down Circuit 

118 Oscillator for Horizontal Scannings 

1 1 9 Oscillator for Vertical Scannings 

1 20 D/A Converter 

121 Input Terminal of Analog Signal 

1 22 Input Terminal of Bit Signal 

123 Input Terminal of Synchronizing Signal for Horizontal Scannings 

124 Input Terminal of Synchronizing Signal for Vertical Scannings 

[Translation done.] 
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[050 2 3] te©«M©«l^tt> ±!2T^7-f7' 

Ky ^ ^.7 , ^.fc*3t''-C, HulBiSSlw, bl) 9* 

-f-5 vr,y ,= J; S^gfc© T F T ^ WIE 

«»©T F TiC(4iaMI«igtbST F T t i«ifiJEEiE»)®T 
FTt*|BIB*fcfla9El>-CV^5.ri?SrWltii-a-. 
: [00,24] *7t\ «&©3BW«>.«^fi» JbfST^x-fT* 

-f-s s/ y = v» jrk: «t zmmv f f tt-«^ $ sutB 
tt^mjE.^M^ < 1 1> -as©ni8S*s-g-*H5 r. .' 

[0:0,2.5] £AJ-©*^Ji5*»W^ovvT, J^Tl- 
IB«rt-*3WI[«teJ8VvriMllft«W*Jf.5 - i ti-S. 

[0 0 2 6]-: • 

-^ .h y -9 *7-4 7.7 p W©7*d s/^mTffcS. *^SJ© 
. ;7^f^-7K!) 9*74*-? Wfia&Kl 0:1 ±(i® 

^•^ h y 9*mt&i o 2, y.-^im^-i«io 

3 ; *W h ft K 5 -f.-X-rlUlS 10 4* J: Tf b 5? y ^ ESS 
1 0 5-*— H?^U-C«J5fc$ix5i •' 
[0 0 2 7] **s s **tt0!IK5%i-|H]B«j«tti|ik:-5l 

1 0 5 Sr^« LTl^.r.tf& 9\ ±IEpj^-^ h y ^ * 

;EBSa-J0.2, >? -^K^vfy ^@!S-i ..o 3, -y-f h«& 
.': K5t^?-lHl!Sa:^024S. *B-v J '3'^lHl!S:l i -.0«?i l^ofc*. 
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0 3fi£i LTv-y F ^v 7 *?, >*>y7 
-<)V'yy^\ ;<y7T^X*M)&£)nX\<^o Mb, ->y 

ftfctebtfy-xm. K7^^-@SS 103 Ktiyy-y/v 

[0029] ztiby— t^k^^-essi 0 

V WtS^Wi^^fcCMbstlC i-5 y x 
-i y 9 mx^y^ -f; 5 y ? Slnl&iiS® LTTV -1 So 
[0 0 3 0] *fc/H^ F y y*@Sgl 0 2W\ y — 

10 6, 10 lJkXf>f<< M*K?-f/<— H«H 0 4ic« 
ME^i%'««ft«>^ Ml-l 0 8« 10 9tT?H4*tfc*' 

ti5.^bt; ttftoBiXtittii l OfiS^TFTi l 

1, UA-tArl 1 2V*M&**1 1 3-«r^X,-(Mftifc£;h, 
TV^, '0^£;h;TW<£^a^ -^Sir/H 1 2I± 

[0 0 3 1 ] Xt;'"Bi;y^B* : l 0 5fi, -y-^iK 

i o K^-r^— jsies 104 

SriEWrT 5 fc-*©;* y — . F^/VJ^y d y m^©*0; 

[0 0 3 21 01 H!IS0»fc*5O vr ov 5 ?^ (3& 1 

0 5 ft, teffiJtU* 114, L P F ! (Low Pass Filter 

) i i 5. vco (uiH»iM) i i 6, $m 
sin, y-^»K?-f^-ffl (*¥*3£ffi) 

118, y^ hi* K?-f><-/f *g£$l 
19, D/Aa^-?' (f^^ • T-^n^ift|g) 

1 2 0 Sr-&A/T'«^$H5. • ■■ 

[ 0 0 3 3 ] **5, -*«W#fetti £ T»H*S*LfcV^t&- 
©DS?y^ia«l; y-v'-fey^CCD^bisI 
fe*i>T < Sm-f-WAW* Srtf 5 'I /"OzK- F , ;t vyjfc. 
BK'' (StftTVy, "^T V-y, ' = W?iy-ry-4g) , 
A/D3^-#, f-**«iit5^*"y : (RAM^ 
ROM) , ««Wlc:tt8S|HggS*.t?t>'' s ey'>y'y^k:* 
«U CPU- (f*aWi«ia«B) i.LT©«f!6£<iI;L 

;• [ 0-0 3-4 ]Vifc\ -1*2 l ! f±r$*yvH&fS«*fCj£Dfc" ! 
T^-D^S-§-coA^aT-, 1 2 2 &7 : i?y-/V1%mm%* 
m®.1r%1tV><D\? y h«»©A#JfiS^. 1-2 3-tt*¥* 



(8) 

*fflPl«8m-^©A^^, l'2 4ttSK*SffllH»l«-§- 
[00 3 5] V&tmt&9tb'+'& 9 s9 =»>if«fcov> 

t) rr-e, mi fc^i-&&T*r-.-f yv F y.y*^w 
ot, 0i(c^i-#^7'^X'<y-v f y y^y^^yu 

TFT SrH3H;3«fcv' y 3 V*«fc»jfcUfctt*xtffc 

[0.0 3 6] #3PJltt, K-TK»w«r-*^<-*fui»\5/y 

= ^JK-Sr'JS-tSS t UfcTFTCioT', 0 l ^^i"«6 
W©7^r>f^> y y*y^*yuM'4rj!?!, 15 Tt6 
4t)©tLTV^5. r©£<£rLV>->y -=iV*JRf4*3B 
U ItWnxh ot; r SrfflVS T F 

20 Tiigttitsj;^ f mmv>mf&-%m%i <t i/stt® 

[ 0 0 3 7] -:*i"|ft**ffi-Sr^i-5*S2 0 1 ^rfflSi" 
&.-*H»«^l4^«R*r'7lv^*jJ«; '-t©±'fcT*i( 
t •L.^SHb3^*JI)l«it«r-j««Ufcai«*rffl^T t Av\, fc 

00~1100 < C©AP^*Q ; S^^gt/ < f5f c >t) x 112 0 1 

• • [o o 3-8 ! ] m^wmw^v ^^m iT^^y y^^ • 

y 2 0 2 SrlOO ^750 A($?^ L< ttl50 ~450 

(SiH4, Si 2 H 6 v Si 3 H8 m SrJBV*£»EJRCVDifcfc: 

<t s i , ■ *©feftfl:3:efc*sv >r g ^ettig^K: «fc 5^ 

40 -[0-0*3 9] ■*ftft^-y.3^K2 0 & 
Kl*«r^ya>'it2 0 2-S:feilMI:**.T«iBiVy =V 

3p7-1306S2-9^t«E«[OR|lf *:!p]7l-r<5i ■ Ir)^$SIH«© 

fe^fi, ^fsK-y y ^m&M Lx^m^m ■■ 
[0 0 4 0] ra^*-.t?t±^*K">"y - =ivjto^ffi 

• •SrM^-U.T-*J- , ») V^tt^tt^^e^V^^t-fc THE 
7^*s, ^S:.?iJffli-5*^ifeS©m«*l«i©»JiflH4»cM 

so tb5©-C«*L-V\'ttoT, *3ttt09-ett«#$r?ij7a u 



•'fMfljP 10-1 97897 



15 

[0 04 1] ff > '^I->y =VI2.Q 2*MLfc 
b> N i (=s/-jr;u) •*»«WfcS&bP'*-$fc«!©SMt:S 
2 0 3 BMb«*RT?*5 
2 0 3iCtt/-?^- : =>'^J;o-CMPSP2 0 4iS 
1MWR»t&lxT*5». IWPS5-2 0.4©— 32fi'>&< kt> 

b3„ iw-Cf4^l2.: (A). fc*SVT\ PP§B2 0 4i±m 

[0.0 4 2] Bt*#fflftf»fciav>.:C.I4.V3tSrflaat 
b> "^fi®^y ; -'= ^JK2 0.2.«3Kffi^^#V^blgl. 

^;frtt&.&Si _ 5fcft©t>©-efc2>. , **s;. Sfe^kSrKJ 
bTfi, N i fiWMcfcF e.,. C o, S 
n, P.d>;Pb, Pt, Cut Aufc05c^Srffl^5r 

[ 0 0 4-3 ] &te v -glrJ&©*« (*IO(l«T?tt**iftJI 
flOOppm) t?= y y bfc= s> -Jr/kSBISMS (* fc 

(9 =. -y-{r/VSr-^#Lfc#V^7K^2'0.5.Sr^-r5. 

K^y 3^jR2 o 2 $>\zmto-fz>~ y^mm^wm. 
^x•©^-fev^T'=,^/.-ir/^^&^^K«al*S5^sfilii".5 - 1 -c 

tSCW^'-ti^JS. ' (IH2 (B). )•:.; 
[0 044] 5R«1£#.H«*fctt*iH«?-&t*SH- 
, ^}C*3V)-C500 -r.700 X., -^«fl«J|2»4550, ~650 

-2 oi-2 <z>mgitet:iT*i% ■-^■Siimm^^ vjtmn* t 1 

<C^X.aWH5.» .i %*.-6>*W5<<; • (0:2? (Q) )= ! 
[0 0 4 5 ] ^f B K^ y .=> >K 2 0 2 <Dm&ikH--y<r 
/u«r*ftiLfcHntt2 0 4*>ibS5fciH)U:ifttTb-. > MpSP 
2 0:4-©ff > »CttJB.l-©ttft««-2.0!8*^$ix5. 
fc, =y^A-Oi£«K-J: t)^*:* 2 0 3 ©Tfctt, StS • 

2.0 l i.«Bift^teJ**bfc»Jft*fettai¥«l«iBfft-c 
4#$£ix3SiS-2 ©&iiMM* 2 0 7 #»*$n;5-J 2 0 8 
«EV^KiS»*lRl*>?>J5!5*b-C#fcJIS2©.ifeftffi3W2 0 7 

[0 04 6] *&WX'i±Z ©fg 2 <Dm&mi$<D%-&1&& 

■ Wai/BLk VxmmirZo BP-t>; BI-o»-2 Q 4 ©Kg; 

IC «fc o ; T#S«^ !l-SVt2- 0;2 ©ft Afctttt. (» 2 
*SASItt2 0 7), *^l:i5M2 0 8.4*©ffi1tfrfM 

t£&©#y *y ^KatticisjMajw 

t F:T»ttK»»*:Svai*r. fc*&v\r v., u :. 
[0 0 4 .7] *fc,|lMl^fen?^^>.2..a 3 fclT 



(9) 

[0 0 4 8] jgfi«>.y =i vit-cft.s.jfttJl 209 *Mf& 

i2 10Mt5 o y-f hf&1HR2 1 0<D&.Wi3iW 
tt s ?7^CVDS« iCVDS, ^^.y^jfe^OD^, 

[0 0 4 9] r ©^W .httflUg 210 OilliTF T £ 

-e# j> s ffti^uit * y <r h t. b -cf w-r 5 

-[00 5 0;] /M3/^^5c^$r-a-tf#H»,('*5^T 

JSTC^oy-yi? y V^SSr^Jffl bT, iSttJi.2 0 9f 
(O^Stc^^ imz- y'r/v). Sr^*.-rs 1 (cm 

20 [0 0 5 1 1 y ^^©fcfecDTJR^Stt, -t 

# £bi\, fJx&ToaA-ca^' 1-.W2 1 o^s^ 
oy^iifto -c+^/i y y ^ -y ^ *rs** «:» b 

[00 5 2] c cD*P^*aai4700 "CSr^^-S 

ifiaET?fTV\.:»* b< f4800 —1000'C (f^*e<j{-f4950 

■c) finmmmi* 0.1- 6B#n.-.«;*«ittt 0.5- 

30 [0.0 5 3] C,wT*f4®t^ ■ (i02.).#Wftt>J-# 

' ';(H-C.l 5 > s tr0rS^i0»J«% (*HiS^jT- 

fi-3 i ^%0.,©«^-&^$^:.fc#H^ft'^*3.v>-c, 95 
.O.X;'3O^iPfl!i«ia«rjT5-0'jSr^i- o .HC t»*fr± 

m<om£>i> % ± br b* 0 fcfe^* b < *v-\ . 

[0 0. 5-4 -Ji»©»ft:tt»H* , fifcl««flE©a 
* (n 2 ) fc«-£&#H*&ij5i£-eifti&5*y 

. [ 0 0 5 5>] fc , ^nyy^^ Sr^tHk^l^ b X H C 
• . . 1 -#;*&Hv\3#JS:^bfc25\ SWSWI-oafxi bx, 

• ft*lWctf:HF, NF 3 -. ^H-B r/C l 2 \ C 1 F 3 s 
. B C1 3 \ F 2 ; VB Tt'&n-'Svtfy&'S.ttiteVofrb 

>[>oo^5-63]£;4(©m^ 

so-, ^%v^^r^i^i^j&^^^^v^-t 
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fcs JS14JI2 1 1 ^<D—yfT/^<r>W^.\± 1 X 10 17 atoms/ 

[00 5 7] t¥oT, EI 2 (E) (C^-r/Nny^Tc^Sr 

= s"5r/'W±^^^.# : tt^#Sr^-K./j:^mg ( lxio 
17atoms/cm3 £AT\ i?£ L< ttffitijl Vs&mSk 

T)- fc*T?<6irt£im ffi»T h7 y:/ftA«>'.h&v^ffiH£ 
[00 5 8] yi/^y v/is^'fT^ofci^, 

sttjf 2 o 9tf^«y y ^ y >'?ym.\z.®.m ife^ny 

^Tclltf 5 1X1015~ lX1020 a toms/cni3 <£>igg-CSI#-t~ 
«. fttti2 0 9 t W&femz. X o T $ ft 

SSMMbKi: ©K»-iSS«fci^i-5ffi|pJ*s S I MS ft 

: [00 5 9] Sl±<Dm^TM-r*nhH1tm^JS 2 1 1 fi 

4$ a&is Atit&tt t ft o-fc'jgft s/ v=i >-mxmi& £ ftT 
rd-e±isxs^^^T^ : :L7t^Si>y =i^m 

Sr2'5 ^{g'Kifc*: L'fc T E M¥K£EI 3 {c^rf,, EI 3 \z 

■0*5; ••• •• : ■• • . . .. " ■■ 

• [0 0 6.0] ■ BB-3-fc*^S*«f'JC6!fcs WLfi£fcT*»& 

mtf£iittb. y Ttt«it«j»c*MftttiBi©-rt«ij©* 

[00 6 1] ft}b\ 2 1 1 tt±lBAn y iocHf £ 

^t> 700. *C Srig *L 5 fiSt-C J: o f * L < W 

&&&&wzti* fro. &m7tm&mmztii>ft^mm~ 

%X¥.y*V y.«*$^t^5; : -E:©t)6\ Wm&fn- 

(Dftmm&fe+frmm&izmte t> ■; * y.y tot 



[00 6 2] ttft»^-*sjg««ju:jgft«-i f±8M* 
■«W#e>'tt, JSttJi 2 1 1 WcT F TOlIitt 



tUllllIW, { 1 1 l } WS^Pli, (2 2 
[0 0 6 3] ±E*PJR*ftat J: 5'iStSyf 2lli 

y-f h»««2i o <Dftmx-i*mmikRj&&mft u ^ 

^aSrJS Lfc^fc; g*#H^, ^^950 . 6 c lB^Hg 

- ©apsft&atrfTft o zt -c; y-f M6tHR'2 i o ©mk 

o'lfrifc*fe'«»& , TA#4^*/*IMIJliiBas|l3l 
[0 0 64]- (*I^f£-fi-t5TFTto^T) « 

±<Dm%femm 211 srspj^-u-c tf t %ftm+ s t , 

El4(^i-fi|ftm^'tt^#^ft'5 (TFTW^ittS 
tro^T»4^<DHJS0iltcSi5O 0 El4(c^Tt-(D(4«lto(e: 
20 y-f hSJE (Vg) , KttCKH'ygil (i d) <Dft 
ftSri'bt^n y KbfcN^V^^STFTWId-Vg ft 

[0 0 65] 0 J 4Kl'*i\>-Cv 4 01 j±±|EI^Ti#^ft 
fctg^*flJffi.li7^T-F>'T<om*##T?fc !9 , 4 0 211 
&m<D TFT ©«*W4«r^-U-f-V >'5o Afls^};: (440 
- 2 fiilHXm^b^ D-y-v^ifiSr^tf^B^tefcttSAn 

.**'*tfcTFT©m5M«*T»5; "•• 'J 

[ 0 0<6 6 ] M*cd K 5C^*:*(|#14£rJfctfc1-'3 i » • * 
30 -fill Dy-T h«JET?t 4 0 1 t?^$tb5^tf©^^ 2~ 

*d\ *^S?!t i: f4T F Ttf*i/ytm (E14^*5^-cy^ 
KmJE^O ~ 5 V<D«Sffl)ikSi5^SfEttS KW V 

; [0 0 6 7] <HtcS 4 0. 1 ■Vw^tli'Wtn^ifiKtltz 

• 5 i ' l> y a )V K^'tt iiiT F TO^^ yf-y^ 

[.o:o-6 8] ft*5' ^«Wft«^iW^y-^t?*|g^(0 
' ■( r)-:4o'2 ^$}i5«ftt©t/xi/ 7 5/39v mss 

^350mV/decademj^T*fc-5'©^^fU, '4 01 
W4©*^ V y VaVk K^Scfi80mV/decadettF« t /h 

• $ i \ri ©«[^/h $v > T-F-T.fs xmmizm 

■: *i3„ •. .' • 

so (2) «^*»»flC»±4 0-2.^$iX-5«Ht^80cm2/ 
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10 



20 



Vsffi&-T?*>2> U 4 0.1 ^$tv5#ttt?f4250c 

m 2 /Vs HU&t*#V\ «ff»*»tt«#**V^TFT» 

[0 0 6 9] £l±©flifc, **MOTFT-»iffi«>-CtfiX 

El 1 fciSf «fc n y * 0!S 1 0 5 (c£ 5 iS 

BEIIStSr^SAftUfeBI 1 icS^ftT.^.-Ti-f ^ 

««»««fc»^-e#S*3BW©TFT*s.i8JS-(?*jS. 
.[0 0 7,01'Sfe,. kMpWZ TFT liN-t^/HT' 

F/RtPfr^MT f.t t vm%^H.<o^i>^^\^ 

5.'Vr,r. PS-C-1.5~0..5. VtfS#,fc*VCV\3„ 4fc, If:*. 
^.l/.S/i/sA-KM (Sffi), l±Nl, FM*^60~100m 
V/decade (ft*#)};i|i60^-85mV/decade ) 
S 0 *7c, &ft$>m®W)g (/i F E) (±Na-e¥*9bX20 
0 ~250cm 2 /Vs , PS-C150 ~200cm 2 /Vs .©{jS;^#fe*V 

[0.0 7 1] Z<Dm\^ *38W#e>3^*K.U-fc±iBWT. 
F TliN^-r^^MT FTi Pft^^STF T £ T?»5 

[0 0 7.2] .Cxp^ldHL-C, *»St**38WOTF, 

t srfijffl lxk# ufe 9 ao.y isfittey-r* ©auttt' 

. HM-iSi, «B«ffi3 4 3 .VT?*S).450MHZv-5;P^!V-e^54 

T LfcS*CTFTt*«bfcy^tv'U-^'. 
• tttm LT2p~30«©«attfts#3ta£;h/WS rtSr, 

[oo 7 3] r.rt?^pjtDT,F:.Tict5^raEa-r-<# 

Mtf&Zc «*^-ef±TFT-©ftf^S6«4:±W , 5fc«)K:- 

TlttS^^ki-srt.^xE^/Co U'^b**?b, ±i6© 
#3gK©T F T f±^^r^/VS*S 2-m m h MWC h#lt> h 

J: ■5fF«T*{f «tt©Kv^T FT t?.fe 5 r. t ft 

[0 0 7 4] *«W#6>l4-t©a*i: b.T, 

fco ffl?-**^*£f±^*£A^©W^te#-3 

,- m+^JkHi^^w.^sp^ • 



30 



40 



jEflfe ; AS ; 1986j 5r##^i"5 i: 

[0 0 7 5] i i -C#3BW©-T F T©gttittj£t±I 
/J>fcjl;fcEI£rEI5 (A) »C^-fo il5 (A) |C*JV>T 5 

0 i ttjgjui; 502 hm@t?fe 9 » stte 5 0 

1 tt*ft©*MK*6*-6 0 3 , *NM£#5 0 4 Sr^A/T*# 
Ji6£*b5. Sfcx JSttJi5 p. ltty-^fB*/^^^ 

[0.0 7 6] -4 5 0 5.-e^$fr5^i±=t-Y ^ ^® 
^W)i-S*[6] (^*«C*5 ;J 0 4 t«EI&¥tf*^lRl) 
U ^**A*#:fai.£*Sr 5 0-6t?*$tt 

S^fi^^A'ft^faKfiiE&^fo ffiie#5 0 4 

V5 0 7 Sr^^^/Wft (L) ,508 
5 0-7 tt^V- hfctt 5.0/2 jO«HfciaE.tf— SW"**» ^ 

-Y h mm 5 0 2 ro&S ^ Mirt1bK#^jft $ *vt v ^ 5 # 



©fill 



[0 0 7 : 7] ^tt'ft'^fciSTFT© Kl^ 
-Y y»JIA5j(^a4.t b^P 5 (A) ©jfefi«L^ 5 0 4 

^f B &# 5 0 4 1± 3 =*yi"¥-|if gtf* K vffil^d* 

[ 0 0 7 .8] ,tOtt?*HS '(B) lZ.ffimt LTW„ 
:®5 (B) (±1215 (A)-.Sr*-Y^/u**lftK:«l»fUfcWf 
;.ffi04r^L.Tl.\5. 1215 (B) (c*5^t:, 5 0 9l±y — 
5 l 0 fi K W"f ^rMtt^ 5 1 l Ji-^-v^/V'^ 
. ,-gB«, 5 l 2 ai^W -MfeftJUIrC*) K> , 5 1.3 tt^S* 

ffiS»f4ife *«t*-5 0-4 K jBHif 5 ^^/v^-K^ 
«c:J;oT#^^5 p 3rtffl^©JitT*WiJhS*t, ^-r 

*A«*««5 1 l©rt$B (5 1 4-C'^.$ttSffi«) — 

[0 0 7 9] EP*>, ?¥5l5CDv'!Ja>'»lKSrffl>^fcTFT 

%lt*A*5 0 7i!ffiW/^^ty^Dy (0.01 
~2 M m) WKt£43V\Tt>;-.BS»(B-) fcaWUfcfflfi 

[0 0 8.0] 4fc, El 5 (C) (4EI5 (A) Sr^-Y^/V. 
r«*i6i»c«JWrtfcWfffiBISr*U-Cv.^i El 5 (C) 
rSttc j , 5. 0. 1 &&m<VWW0& 5 0 3 ^3£A/fc* 
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[0 0 8 1 ] k i z%i?:m*?**ji<%i%:b\t'?***m 

< ft o fcBfK T F T <D L # t Httfiffi ^igjp-f- £ 

H5o ' '" ' ' '• 

[0 0 8 2] i©ift : ^Mll'fV4'/Hl^MO 

[0 0 8 3] "idr^ly "T^fMlfcfCflB L-T, '*3BM©' 
v- y = vftKiifg jMfffP 5 0 \4ri:Wn\z.i&mtz> 
T tmMAz&gfr&$irV>T t ttrimW&Rtk 5 , BP' '• 

&&W)irZ>jjfah?-'r*>V&jj fa 5 0-5 i -WSBft— Srf 

[ 0 0 8 4l-'<1 i F-T r omjfi»JMM(Wf«:W =" ^JKf KS 
*3»*53Hr y T-©«SH£J:--o-C**««S; cKrSULTteT- 

( 1 y »'t±*KWiwi|t 

(2 ) '05 (A) ItjSi^jfciRi^jB^T, <-tti||ffijf5 30 

0' 4*^w^^w«»#^«-^^y : rto»»^^ •••• 

S*36i-a"«>T-;'"** y TRiOfEStetf 
[0 0 8 5J (iV.'fcfc^T, X**fcfS*ftt9!'- 

• *7ti^i 1 t^tvv^.v ■• 

(D : i/y 3.vjg|oe^li^>v^-*S|3«i/2 ' (y~/v ■ 

© •intrinsic;. ' W/hJJi^'/^J^ffttf.fcS, ' ' 

[ 0 o-8;6 I'-Mittix: <^*©;->y -avSEffltsfja'^fcTF • 



t 

w 
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[0 0 8 7l'4fc» mz.1£M l ftft:5 0 4fc%* V T<D& 

[ O'O 88 ] i^©«K-.KV^i/ffl|i'giOj£jJ 
9'SrMH>!|-f 5 C fc''Trt^V-*A«*tr'l5Jt:i-*''C. i ifl^I 

l^>T >IJI'©|6]±j;*|:tyx.li"5' ex-.g>i> K#1±»(fi]± 
t'Sfe'^o i-y-^^ U's/ -> 37V- K^ttfeWJitt; 

[ 0 o"8 9 im$m* b vmmz Jt'itif * ms (b) > 
t* 1 5 „ it o * &zmmm $ < ^ 5 fc 

'S£Ji**Sr/h*''< -e# Btb5o ::t\ 

*$tv5o 
[0 6 9'0'1 1 ■ f i 

S==ln10 • kT/q [1+(Cd+Cit)/Gox] 

■•.[o*oi'9iil «ri"H:*i'-v^-cV kii^r/vygt, Ttt 

^m^&s q »*m^*, C d f±^S.g^4-;- : C ittt|?-ffi 

:<IC3t^g^i*§:<,t5 1 fc-GCd =Cit=0.i: 451 
■' jfijRM; : IP*> s:{tt^60mV/decaae^£'4-5 T F ; T SrH^ b 

[ 0 0'9 2l''^'J£a^»w*fe**»ic#*f»«j!e»ft 
>^*M'Srffl t <fc T F T £ (±*5 T*JMi'««iT>*:i41i«r* 

[009 3] r&.b-c; ^j&mMT&^xmxAm.&x 

HSbic 508S^ . fJB&eoif- V^AJ-K-^o« 

4»aij«i*SrSi-5 r 1 4 < ra-«SJ:j£«i)*i-5 r 

fcVWi 4 55 IP*> • >i|e]tiWli:^ LTfcV y! a 

-f ^ ^ W Sr«^-T 5 r 't-iS-Brig t ft o% l ©.-C fc 5 „ 
[ 0 o 9 4 1 CHJ6M-2 ] -^KKM-caBn ^tUTT? 
7- irfcr K y ^^xV'^i>*te(t5.y— K^-f ^ 
-0SS 10 3\ ^j^mV^^mK 1-0 4, n v?-y 

^«^'iar-5-^a^^©^M»Sfti'** cmo s ... 

: 2 Sr«fig-f5Si*T.FT !• L^A^msMKK 1 1 0©»f 
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ampule (b) ic^-r, fc*5> *mMM-V7F-tW&lt 

[0 0 9 5] Nft^ITFT6 Oli P^^ 

0 2 t Srffittfitltdl^tPiirfcCMOS 
ISagWo^-CfSiejl-rSo ft*;, Nft^HT.FT6 0 

i h pft^viTFT6 o 2 hte&*tfy\u±m-mi& 

[0 0 9 6] 1216 (A) KJoVvC, . 6 0 3 tt^H^Stg> 
6 0 4, 6 0 6(i^Hf^Nf t^lTFTOy-^ 
$Ugc*5 «fctf K K-f >"eS^ 6 0 5, 6 0 7 (itiXf^P 
^ ^ T F T © f4 y — * SH&**«fc K W vfMET* 
fc5„ Sk,-6 0 8, 6 0 9{i^*L^ftN5i--¥-*/Vi!!T 

■«5F*e«MH«» 6i o, 6 1 1 ntfi^n^-f^m. 

T.F:T*i J: TJ*.P ^/VIT.F T ^*/Wlgj£fS*£ t? 
fo5. . . . ' • . 

[00 9 7] 612, 61 3 H-JrV bif&StJll, 6 

1 4, 6 i sfiy-i' *v b.mme 1 4, 

6 l.5©±ffi*jj;ai|ijffi{c:tt^ hmM&WsUmtl-X 

nh^m^m^mtme 1 6, 6;i 7«^nt 

[0 0 9 8],tfc v 6,:1.8f±^l-(0®Miffe«S)K. 6 1 
9 , 6 2 0 (4y— 6 ^lliKW^Iffc!), 

<D±\a*w,2<vmmiim.WkG 2:2 , M3.©eraii&its£6 

1 fpmt!6 :-2 .4*s^ $,^T,v > 5. 



10 



20 



30 



■ 2 3, -mA <on 

[0:0 9 9] £-CDB^ Jg2©^*foSii)!fl6 2 2 f±H^ffl: 

^^fc*3^^T.«SJ^*^^f^■t T ^i^fri ft 5©T\ Slt; 

4osFfl*6^)S6 2 A\±^mm.<nm$Lk&mt : ®&% 
[o i oo] nil :\ct3i,f?>mmmmi 1 o&xu 

MM T. F T 1 1 l©WfBB«Jen:.ov\-CH6-- (B) 
TlftB^i-^o 06 (A) <DCMOS*ig£IH6 

( B ) cDBi*T F T 6 3 .0 filH— *^±[C— ft:^^^ 

5 ; : S*69 J- ISl-S 14 ID -#nx*M£h 5 c 
[0 1 0 1] iSfc, *HJS^!lT'f4iii*TF.Ti: LT, 1 

o©^ b^X?«^$H^N^-y^§yTFTSr^H 

W(c:«?ij}c3.^Si^L7t^^*-t-s h y ha 

, T F T £«/fl Ufc^,©WSr*i- 0 :•. 
[ 6 1 0 2] HI 6 (B) (C*5^T, : 6 3 1 f*E!S2&E, J 

6 3 2 (4 y-^mmK '6 3 3 (4 K U-f 6 3 4 ~ 
6 3 6f4^-^^V^^T*fc5o 

^^6*3,4.-. 6- 3 6 ©^-MffiKte— tt<r>mmj^Wfop£ 

(A) ttC^bfei* 



40 



24 

14, HI6 (A) ©N^^MTFT©Mt£StlR)B#{- 
[0 1 0.3] 6 3 8~6 4 0f^$H5©li^ 

vrnmrnx-hK). ms. (a) ,KtoVz>?.-< vmmmQ 1 

2, 6 1 3 tm&f^MfcZtlZ. *fc, 6 4 1f4^h 

VS. -6 4 214^ KH^^I*^'ft;l-"C^^H?)Sl: 

*^l^1M^kMT-fc t) , ¥4 MS6 4 1 14 3 ofe5« 
KJL;i5#, ^{^J4^:T|S)-Sai^T*fe5o y-r 

MS 6 4 1 , BiSSMfcJBI 6 4 2 (4, Zzftlzftm 6 
(A) Ic^ItS-tV Mffi6 14> 6 15, WHBRftK- 

6 1 6,. 6 1 7.tlH^t.f^ix5„ 

[0 1 0.4] iffelo, 6 4 3 f4gl 1 QSW*6#M, 6 4 4 
(4y— ^-i^, 6 4 5 {4^iKiaa, .6 4 6f4y— *iii6 4 

4 t ps-i-ssuwy-^ifcStffe.So y-^i»6 4 4, 6 

4 6, ^3gcl£1^6 4-5(4, '1216. (A) f-fc'tt 6 y-*^ 
6 1 9 , 6 2 0 , • K W 6 2 1 t ID— $ 

*^JSM©it^-ef4, m6 (b) ^^-r^t'SiK 

[0 10 5] ffe, 6.4 7(4^2CDS^*6^^, 6 4 8 
(4^ 3 (DMffi&mWkXfa'O:, : tf^ffim 6 (A) 
6^2 ©Sra^a:6 2 2,^3 6 2 3t 

4 8(4 6 4 9T-^$ii?)^^tc:*5l/^-C^*^^, ^©.h 
t7'7 5'^-7^^ 6 5 0^$^5 o - ^<jT, 64 9 
T^$tu5^T'f4-, ^l£i»6 4:5 tW,2 
I6 4 7 t75 ^ 9. 6 5 0 t c 
|)ti6 5 1«$Jx5„ 
[ 0 1 0 .61 ffi|»)^* 6 5 1.&B 6v: 0B0i-.fcSsi-»*« 

£ffliV5r ti&v^4ffliff£i£< tit i T'tt^c: 

fc FllxJi, m2 ©SP B 1lfei^JK6 4 7 t LT(4 
[0 10 7] fcfU i«)ti6 5 1 ^^-T5(c»4 6 

4 9 T^$^5ffl^}-*iVN-c:^ 2 (Dmrmmm6 4 7 © 

^■?r^ bTf 3 <DJiP B 1*fejtJ!ll6 4 8lSr#* l^e < T(4/i 
fe/ t c^^©T^•^ 2 , % 3 ©era*fe^jg(4^r3x^^s/^ 

-e, m 2 (DSF^ifei&iR 6 -4 7 i \^x\*m£&mm* tat 

[0 1 Q«]:W: V ^7^^^6 5 0f4^4©SK 

' mmm 6 5 2 -^st?tu;t t <o± k (4Bi^m^ 6 -5 3 am 

fiK$H5o w<ONf, iS^.mil 6 5 3 t4^S£i^6 4 5 5: 
^•L.T.KW--I"^^6ri3j3 tS««);t^t,5„ ^©fc 
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[0 10 9] 6 5 4T^§ft--5£tE«:*j-[6]®H6 5 5£' 

6 3 1 t*rfiS«6 5 4 fcSr«9-frfc*5r ttifal 

6 5 Ell (-*5lt^fK H B B ir/H 1 2^JgfiftS 
*x3, 

[0 1 10] ®7^VT1S^*S1 1 0O±ffi 

0§rIftBJ-r2.o 0 7i^*5V>-Cfi®*m® 7 1 4 4 

6. (B) ic^sai-^o 

[0 111] 0 7I:J3^T7-O 1, 7 0 2f4?g'ttJi, 7 
0 3,704 Yttfj hi®, 7 0 5, . 7 0 6 ii x 9 — ^WiX 

1 iot L-catti-t-a. <7-v KSdiH 7 0 4 « 

1216 ('B) Mffi641t, y-7»7 0 5, 7 

0 6 fi-ttU-eJxEl 6 (B) oy-^16 4 4", 6 4 6 1;: 

[011.2] S14S7 0 2<D±^-C(±3@BfiC*5 

.^t^ h$!7 0 4tfSfifi-r3„ Bpi=>, 30WBITF 

STFT-efcott>iJp4l\ 
[Oil 3l'*fc % "-yw h EMI 7-0 5, '7 0 6 SrSttS 

7 0 1, 7 0 2 J: 9 kTSt£|aitL.T$**#MTFT 

^nwci^itiaeTfTtoax'Sia 2-. oe) . ©^jfcbn&Ms 
tet>»*.-5 5«te, h«a§£ utiMy ^y =»>-jg 

[O i l 4] 7 0 7liffitti7 0 2 (y-*«« 

6 3 2 ) h V—7M l 0 5 i©3^^ K?B, 7 0 8 {4 
ffittS 7 0 2 (KW Vtgigofr 3 3 ) t^gEll 7 0 9 
iO^y^^ KB, -7 1 0tt#St£i|ft7 0 9 tlilft 

7 1 1 t»3^ KfU-CfcS. ^iggjEi^ 7 0 9 140 6 
--(B)- fcJ8ltSS8BHBi»6 4 5fc*&ai-<5. 

[0 1 15] 7 i;2©*HR-' : e*S*t5flWgE»4BI6 (B) 
tC*3V>T6 5 0-e,T$^^7 5'^-7^^fJ)t), 
17 0 1, 7 0 2', -y-f hga«7 0 3,: 7 0 4, y— 
$7 0 5., 7 0 6±SrJilKf 5«fe-L-rj»fife$ix5. * 
fc, ^7 5»W>!>7-1 2(4 7 13'^$Jl5f« (El 

• 6 (b) m*s»ts &4 9t?s«*n5««) fcjav^tsa* 

E»7 0 9tM U «i^I2$ 7 0 9 t O^^WWSft 

[Oil 6] *7t, ^^^^^7 1 2±iCf4g?2© 
ITOtl6 5 -2Sr^LTH*«fll7.1 1 (126 (B) 

©putm® 6 ; 5 3-tms-r*)- •asE«:$n-cv>s 0 

m®7 1.4«OH«»W7"7y^^?7 1 2 \Z 



(14) 

j^fWeifc*. fc*5, H^lwf4, BSI«@7 1 lcDifc 
»4®6 (B) J^-r«lf-*|-|6)S«6 5 4, *f|6j®gi6 5 
5, MI6 5 6^iBS$ixTllll -Kl^-t-jKft-fe/H 1 

[Oil 7] B16 (A) iC^LfdCMOStBitS 

twae (b) \z^Lizwmm®*m-mm±imi&-tz> 

fc*cof^Mi®lc-o^x, 0 8, in 9 zm^^xmmir 
S. -4*s, ^IB<SSrPJ?ti-i-5fc«)tc:06 (A) , E 
io 6 (B) ©»Wefllt^W*Srse5«fcJSCt:Hjeffl-t-5. 
[0 118] Jf, ttWSLB 0 "lLhfclQifcll tC^L 

feint 4 o -r*3»M»'> y 3 >mm-?t£ 8 o 

2~8.0 4*5£tjqfc3>4^ KftftK'oiSiatJteaJBi© 
*fej£J&8' 0 5 Sr^-TSo ; r<DB#, ' 8'0 '2'iSNf 
STFT6 0 l ^SttS, 8 0 3^P^--y^/Vl2TFT 
6 0 2OfittI, 6 0 3^ggTFT6 3 0©gttIt 
(HI 8 (A) ) • " ■ 

[o i i 9] sxTizmm-r^^^ vwmmfrhj* 

20 • 5318#-at#fE4g©^fc-J;5'b<D'-t?fc5; ffiot, PfcW 

[0-1 2 0 ] Sttg 8 0, 2 ~ 8 0 4 ©Ji^KTVV 5 = ? 
'A £ t5W-C^/^-y?;ffMLfct, 2 

• «©BWfflWfc:fc ±"0 #?L««©i*BiMk« 8 0 6-8 0 
' 843 £tflttftttMBfeflOR6'' 16', 6 1?7 , ' 6 4 2 Sr^ 

j*i-<5. £fc mmmtx.m<o^ vwrns 1 4, 

6 15,. 6' 4 -l-WnB^S. .'^fc- *&J6©*K:IB*TF 
T 6 3 0 »4E1 7 OSI^^co h y -fflsW- FfT FTt? 
. 4>3©T?#>f km® 6:4.1, #?L^.ro^@^kJffi.8 0 
'30 8 i ^^Hr^^bJK6.4 2.(4EI^$ix5.3o©^^ — 

[0 12 1] z.?VXm8 (B) fc^iTRMI^Wfejxfc 

UTB1©*6^8 0 SW K^^^-V^^, y 
-<-K6IWi6 1 2, 613 , '6 3 8 ~ 6 -A.V&B&t 

- 3. • ■ .. : -•' 

[0 12 2] ttt, ^7LR«(ONISEHblH8 0 6-8 
■0 8.*Sft*l>; iSiPiSP Y d-vaAR-lMS*Pi*P-l' ^ 
a^Srtf 5o r ©ISICio TNf 't^/HT F T 6 0 
-40 1 <D V-*i&m 6 0 4 ,• K l"< SW$. 6 0 6, &m&^ 
n^mm (LDDffl^tl^l4ti-3^; 1 i>fc3).6 0 8, 
^■**^»J*fll*6-l-0*»J*S*ba.- *fc, IfTF 

• T6 3.0 (Nft^S)!©y-^^6 3'2, KW 
■ yf«6 3 3, '(g:SS^M^IS«6 3 7, ^-t^^j^ 

■ • mi$,6 3 4~6 3 6&miSL&tl&. ;': . ■< 

[0 -12 3] /«C*5, ^©BtP^-y^/WSTtBT 6 0 2© 

. i! ' 4 : v"- -k-w V«* 6-0 .6^*«-© P 

••^8 0 9, 8 1 0 St/HuiBcOffijg^^M^ffll^ 60 8t 
so 'KI«ftOP-<d-VSr-&A/«««8.1.l «$ti5„ 
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[0 12 4] ^Pf-t^STFT 6 0 2<Dh-tm 

T0 8 (C) [ZtStf A,1&&i£8 0 9-8 

1 1 Hit PlfcS<5 Lt P f t^/VlT F T 6 0 2© 
y — *ffii$,6 0 5,'KW Vfli$6 0..7.-.--{S«S^*fi^9 
***A&&W* 6 11 ^fifc*H5. 
(0 8 (D) ) 

[0125] £Ui©#/i*f ^aAis^fW-t-s 

14® i -P ^-V -t^M T F T<E>EH4Jf& £ PI— S^±{C^ , 
r t MX* 5. *»tt«-ett#Hl¥7-1353 

V:^T»*K«*^»IMI**»J**«;i fed!*?* 5.. 

[0 12 6] J=fc, ^tyftAIlrotl-liSJPLW 
¥&^ ^<ommtRXf-f * >-&A iC&*bfci£ttJl 
*tt©HE«frff -5-. ■ fiftfe-fc^M* iUI±7r-^7= 

£/8^*ttf&V\, • . .. ■ 

[ 0: 1 2 7 ]' ifcfc, I l<nir B »1.6 1 8 Jtefctt 6 : 

4 3) i LftBHb£*fll*fifcffll-U.- 3 y^feJK—A'fc 
^ bfcf£, -y— ^.i^ 6. 1.1.9 , :'6 2-:0 ; 6 4 4, 64 6 
Stt'K M.^ie^l, SBREi»6 4-5Sr.^-f-5, -t. 
©«; f2©If«I.6..2:2 (l£ fcti: 6- 4' '70 iLt' 

,500 AJ*.©a^*Bli3J: 15250. Aflfp"iWt^*il©IIS 

• \mm&*mm-z. - ■•. • 

[012 8 ] $ fefcMB 3 (DSf B ^»6 2 -3 •(**:»* 
/i6-.4-,&) . : .^.U>!C^-y 3?h* tr- 0. 5^3:- Ml m. U < tt. 

i~L5V' M m):0#$.}r^i-,5c '*7t\ ffdlOimtt 
«'6?2 3 ^^t-6"4 9 --e^^tk'SWJKIStMIWlWi 
Sr?(?rit-f-5fc«>©|ll!PfflSrW:»tT*s:<.^HI-P»0»rittt 

<DJI PQifefiMK 6 2 2 om&EXmifi'ti HiKOxyf • 

y/<-i.LT«IBT*:*. (El 9 ' (A) ) 
[0 12 9] y.7.5'^.-7X^6:.5.0i:btfi'>' 
«fc2000.A©ff S'KJBjfcW RI*U;*t8b£*e 5 1 
j££;h,3„ ^ bt^. SUOJimfettlEe 2 4 <*fcl*6'. 

5 2)- t LT#y-t5 K£ .0.5~3 V m. b< it 1 ■ 

.-/I'tfrti/Mi. -asi*«iK-ea5H*««6 5 3 

[.0 1 3-0.-]-iO*fc»'.»3©»IHM6IW)l6 2 3&tffi? 

my '^mvb&tmz&fc»KxmB*m***z 

.-• (2.f0%~'3; 4,&£) p»: iCfc^-i :C4tta&Mgy>e£t' 



[0 13 1] *&Kl,:.»fe;h,fcTFT£#«r**S^* 
y ^tfvKciSifcfcHS. ^Ht« 0 9 (B) 

. -f . ; c mo s m&is -x umm tf t a* m— s«±k: 

10 .[0132] [Uli^J 30 HJfi^J 1 f-f±0 1 \Z7jki-7 ? 
.Az^QftMT.Miz^xWimist^ . . 

[0 13 3].*HJS^lT?tt01^b7titt4T^7 : -^7'' 
-7 h y jc*«W<OTFTSr.E11i-S» 

zo [0 13 4] *HJS^J©S*61)4ii'»4, oi^y^lslgg 

vt©fc*©#s^o.v>tr»-0 i-o (a) iz^-tmi 

: ' ..^D^^I^JMVGA: ( 640X480 : WM> ttf5<D 

[0 13 5] 01 0 (A):C*3V^ .l lliB^hU 
.., -.^.^iHlgSv.rSl^ fiTk^jfeSffllgffi*..'. 1-3 f47K¥^Sffl 
■30 HV^7 ^ , ' 1\4 liD/A a y/^-^> .1 5 I4SE 

'ik&m&mmr r mtrnm^m w k ; \y^^\- 1 •• 

7. . 1 8(^^s/.7o^T?.fcSi r ^ X'ter.is-$'/lsmW}&& 

Uv^^^ l 3^»±7 y-T-HHSas^Sft*. *fc, 19tt 
... SffiitlSS (B"/^'7r-f-A<*^-fcfttf) V 2 OttmjE 
, W»S!»JS«,..:2-l,H:4J'JB4B» 2 2 .'ttttglSMh 2 3 
V ^y0KT*fc5i. 2 4 (4*¥ • SE^Jtflft 

40 #) s 2 7tt^»a»6>afee>ix5iBfn«*t?fc^ 

[0136] •ft*Jv-0 1 T*^ LfcT^ x-f/YM)^^ 
X-r^T'W (C*J^Tj; D^^0B1O5 1CH 01 
0 (A)-^*Slt«* s P*35ffl'*a«l- ! 2»'A'/D=J>'^ 
■ ■: ^-.l-:4»t.siE*3lE«»a«:l-.5, flr«Jt«« 1 9, « 

c£tHHP9iRiaw2 o , .&mm 2,1 , .^^la^ 2 , ^ * 




S'Oi 
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(16) 

29 30 

fc&, lEttiJllftic.^WlHl^Sr^ffiii-^fcfetD^D;/^ [0 145] t:5T\ f t^/vf (L) Sr/J^X"^ 

[0138] |gtiil)K®:fiS*S<3fc(iit(ttutfiS^®& vfttJE^B t &>-5 0 r ©p„^»± k W >^£ t-A^ 

wtt>Mx^©7Y^ x flr^:IE»iJll&icfi[Hl!SSrfll^;i-5 • 5m#£^3;i-£Ti§?&T-#.5 0 rcotS&4§-£\ SJ1 

IfteBLfc^^ffliilgftrapr^^TFTSr^fflt-Sr i:^ (HSHmffi : V DD ) ZTlfX Y^J^m&^frfr 

[0 1 3 9] 0iJ;U4\ VGAcDm-&\ tK¥ • SEIH^f io {Sflffi£Tlf C3„ 
f 2 ^■iU'^Di/^lff (4 2 5MHzgiffc5„ SP [ 0 1 4 6 ] 'ffiflilf £ 5 L# Wi£«flE 

t> 2 5 MH z , #f*-b< fi 5 OMH zflfttfSgjfc&fr ' mm*B< -fZ Z'k L#-^ffimffi©fPJ#PS:?T 5 

flr*^y-f h«-*§-£S:«7&5D/A = >v^-* 14, ^ • [0 1 4"7]--t©»fi\ y-f--HJ6«Bt©JBIff©fW»tt. 

y7 7 'l 7 V 1 8\.H*^ MJ**lIIISri t^T5 0 ^**-fc{6oT^Wfc8Uii-4:#ife^; V\b*J>3 L0C 

MHz (0.05GHz) 2 in ' : • OSjSfeOfllt-^^^ Srffiv^a»W»SV J/ aV}|t«SrlMb 

[0i 4 0] tfeV4.m^ii'l'3 1 16l:»l [014 8] tot, (t) ^itf^'V hjfe 

T7K 5 P-sam^f-§-2 4i:^bfe^D ; / ; ?ffi-§-S:^ •■• (t)' trH9tmK^ cxmtznz £ t 

gift3fc£\ 0. 1- ~0.5" GH z-e&WffivUftJS&gSc HJSM 1 1:* Lfc*l8i©TF»T^>?;r %"Tte*<Dt? 

[0 1 4 1] rw^n^m-f-^zK^ •*£!*] X V&<>X*ffif&%mi&i-S<Dtemi!bxmMX'hZ> 0 

Mts&2 4 b<D&te&*ffiJEUXmM£l£2>1tit><Dmm- [0 1 4 9] *#*|5|(M9!f)-«r'fT5fe«>fc«u IE 

1 fcioTfrtoh,?..- *<®it#>* tiLteitmm 1 9 , m.ffi ' ; 3o < w i^s85.ifeaS)S3JS-;-|B*«*J4»f^tffi (V DD ) (D 
■1W»S»S*^0YS!WH« 2- 1 (0?Jl!?imt, 0. 2 SMC?Jf « t^UMP^S tdl£>\ «#Wfc:»lfl5mEEl4(£v > - 

•-0.-5 • GH* SftOflMljftft^'j: 45. ri#a*W\ ^: .• 

[0142] E110 (A) ©7"d y^HJC5%**v: •■ [0150] LfrVtttfb, 12110 (A) IdtJV^®^ 

«»@&2 2K:Jo^T*¥-fi*IWf#2 4 • ' ^ K y * XlHlfg l' 1. «r«MH-3llf*T.F Ttt ; 

^Ti-n^S-§-2-5S:«S-r5*fiKi:i-5^a-, iSglU ©1>£WI«JE (TIsfW^T*± 5 V) ijii^TFTi* 

8S.2 2-fc-ttttft-C*V^B»fl!tt» (0. 2 -2 GH z ) » ■ <D U# VMBlffi- (•^-i?VSr^T±'- 2-3 V) j 

5. *tvi |S|B*»c|S<ft(S*Sr— B*«jfclBlt U -3l#Tttl4~l6Ve&<0»flMtEE:&s&B£ 

T*J < *!l|a»2 3^ ft* BIB 2'2i <DflMR) 5.. . . ".V,. ■ ■ 

*m&\zft 0 tctb\ZteO:2 -2 GH'z:t>(OHnjRtt9c^ |.0.15.1)«oT, B10 (A) Jd*5^T»±®^ h 

^StJ5c5„ 40 !>*^H*1 1, ^Kv^'i 3, 1 6j D/A = 

[0143] «_h©£&tc: x 111 1 0 CO.ya -y ^ [21T*^$tV . f l 4; ^ y 7 .7 17,18 ^T*14-^16VB(j^^ 

5«4@K*tJ«4rlRl— »K±fc»j«i-5fc«>K:tt. life Hi 0 (A) ©T'n $r«HK:tiH$ 

T*gJ£t>IBtbJlK^(C^T*# 5 ! TF T $r^?l L4 <• ..■ ibtT^frV^fv*-*/ 7«r ©ftrfc l^^V^^fctbtf-t 

Ttt* feiievv ifl*©TFT®. • rotb^jE t i4~i6 v atrm ^ i-^„ ••• 
«»ft»'tt^aiiWfc , ?--Y'.*A*-L©2*©iS»*^Jt« [0-15 2] ]^±<D«(c v m««5ttft*5S3Slt-ef4±U: 

TgFfM<DJlSc^Sr#5r i*st?#5 0 . . '.^jE^i4~i6VS^-e*i:5i t it^\^zv.< *HJfe 

- [ 0 1-4-4* £>S8k 5 ^--f*/w«jSr*'ib* t?fra«)iv ■ - Wt?f4»^^El4~l6-V«;= OMH z-cd • 

■'■biWJfeKSr»fe*u5iv^5'»*H\ *^^ffl^2,vy • -tttttr^SlaW'trlfljfti-S'A'KiB 10- (.B) \^irm 

=,>'mmi> s *<o¥f&tm&mm\z£K>x7-**;i'h'-7 *> *cMas*3ifcsuai:.s; .- • .. : ; -. . 
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[0 1 5 3] 121 1 0 (B) f40 6 (A) tSftWUCM 

o s W&nh J,/:: t?f±«itfcov ^©sMifcStW & 

^-BS-f-So 010 (B) K*5l^Tfig/«e©ti:, TFT© 
^-^Aft (LI.) 2 S&U^-f' bt&U!&<Omm (T ■ 

1) 2 9-e*»5o,**J, ::tf5.fi'^ftiii, 

[0154] si i p (b) <Dffi^nm-r^-%\mvts<DWs 

•g\ lEfSJlliSicfi 5 OMH zSf.-cfeSfc*, *¥&W<D 
TFTiOi^, .ft^4 (LI) 2 814 1.5—2.5 

• l^ieviSv^-e^-f :MftWK<oJBEff (T-.D teiooo 
. -2000 A (ft*#J £ 141200 A) ±4? us.© fc^-f - 5 r 

[0 15 5] J5cjau,.«l 0 (B) fc^l,fc«fclOVS:iB* 

*93#fe»4*WffllHHlST FT (^ifcfii&JlJgWibSiT 
FT), t Pf A/."CV>S- e »BJEE»»aTFTW:y-< 

[01.5 6].fc*5,; *««OT;FTttl..6 V^ftt?t^ 

. y ^/V-^-r h3!©iff*T F T Srfljffl Lfc t), ->7 b Uv 5 
13, 16, D/A = ^~ * I 4& 9— 10VT?8£ 
mZ-ttZfti?, TFTOKW >-MB.\Z&WZ&ti-£Z> 
X^cSrtT 5 r £ ttm*14©.l*i ± I J ^«*m*©te«K:5fir«!i 
t?fc-5 c -:.9~10VT?«»3**.TFTf±y-( M& 

gyBSwHSff* 700— ioooA< (ft*^»2f4800-,A) m&k 

i ox 5 ■ 7-i.mzx 'HiSf^tmmm i ra ^fmm^tm 
%>mm-5 i wauatwi 9 . ■ mmmmm^m^ 20, 
•^«*2.i©*^:fcov^-c-e*)*!^. rfrfeoiaisrt: 

0.1-0.5 GHze«©IB«lffl«»«ri5«ir«*:«) v 
01;O (C). l^tS*CMOS»Mfflt5„ 
[0 15 8] 010 (C) -fc^CMP-SflfJtpWR . 
14, 010 (B) ICl^L-fcC.MOSfl|jg<t.t) t^^r^V 
ft (L2) 3 OiS/h ^ h^SlroBUl (T 

2) 3 l«?«K4ofcii:»c*>*. SP*>> f*/<-f^^tlfe 
StftttlsHl 0(B) :©KHtJ:9-t>Ji*<-ftoTW^ 

5o •■ • - ■ - 

[0 1.5 9] «8KCTP.TOtft;' 0.1-0.5 GHz 

.2) 305: 0. 5r~l. 0 mv(ft*#)»Cf40.i7 /i m) ©D" 

•c, ;#*mtiifl$!M$mtir& )• a* £<4oo~6po<-*A< 
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f4 0.2—2 GHzS£©ffi©TKvM§gibJijg$:Sr&g£ 
U5 3.fc*, 010 (D) C MO S«56SrtR 

ffli--5o 010 (D) l:*tCMOSiIii v f-^^tv 

ft (L3) 3 2iif-f-/t^5 ^ o yiitf-CSJB 

^\mm<ottm (T3> 3 3ti*tt< 

[0 16 1] #3i§Bjl©TFT©*§-a\ 0.2—2 GHz® 
£©JWB»ft$r2*»^3;fc*ta±^*.*/Vft (L3) 
3 25: 0,1—0.5 Am (f&^lftf-ttO. 35 w m)> £ L, ^ 
10. h$fe#^©IKi¥ (T3) .3 3 5: 200—400 A (ft^#J 

fc«300- A) t.T?l!jf^mjESr3: 3 Vl^t?l# 

[0 16 2] 0.1 0 (C) , (D).f£:^Lfc#& 

-o. l GH z £A±<>©i« v^»«««ti«-CJB»i-5 T F 
[016 3] £(±©#^; MI^DTTFTCf-y^ 

/vft (D tsjixfy* htmm&mm. (T).sr**5t> 

20 ©t.-fSC t t?0BS^5l*i75S'(SPfi©^iS®:#14Srll 
®&*m—&m±teM&Ufcisx : rMk£i'it£T9T4 

[0 1 6 4] &fz x - mmmwim*mim£it5 tmrnzwi 

<om<^T97- + -7T V V i'^^T'W^tS: 
5V (^fc(43.3 Vj.-WBtSIitt^atSV (* 

fc{43.3.. yy-.-ewmajtiz I C^^tll^fM 

30 g^fe5f-&tisv^; {t#©A • m^©sm+4^sv^ 

t^5fiJ.^^fc§-. ••••• ' ■ ■■ ■ ■ 

[0 16 5] *Sat«fc*JV>-ttt, ^^-^/Vft (L) 5: 

o.i~2 iim<ammp*hm*m!fiv y h&®m<om 

m (T) Sr 200—l500A©«|H*».e*iaSaRi-5«Sr* 
HlfeMSr^i-t>©^3l#*-f i- r Kic|5fi^$tu5 *>©T(± 

[0 16 6]:*M1&WtMW£Mte. IH— S«±»w^V> 
- Tffija»W»SiTF-Ti:«BBE»»aTFTi:-*srai*fc 

. -K% K9>i:vS-iaK*sJ:D«n^y.^|E|ISSrEI-S«±t 
mmL.tzT9rjzf^hV9X J 7'{XZfl'4%m$L-Q% 

: [0167] x/W ^^>r x© £ b tt &mnt& 
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[oi68] mMm 4 ] ^mMmxa^m ©tft 

Srf Uffl Ufc45-« n y * SB © 0 SSfil^c fco ^ T iK * & 
i&W*'<7 0 o Hi K.7tfrT9T4-?-* Y I) t^**-? 
W SrWfcJ: o-CttWi-5Kr»C; *3^f >v<— * 

[o 16 9] ft;ai i (a) (±-r>-^-^iHiss-efc 

9, P^^VS!TFT4 1S.TJ?N^- + ^>'WMTFT4 io 
2-fcSrffilSftjJcia*'fi-*3**:CMOS«3STfllj«$*b 
5 0 *fi"<— *EH&©0l&lB*tt4 3©#fc*$ix«. 
[0,1 7 0] 011 (B) «^o-y^ K^V/<— ^-C.fc 
9V : Pft^I?F'T4 4, 4 5WNf>^;l'lT ; 
FT 4 6^4 7 t--C^$*t5o -©^8\ N^*^ 
ITFT4 6, 4 7©-7V t-itl^ p y^ftf CL*5 
A7j£:fr> Pft^VSTFT4 4>- 45©^ h^H 

9 K-f^<-yoiaiSflE-9-tt4-8©«»J:***ta 0 * 
fcr'N^-^MST F Tt P.ft^^ST'FTICA* $ 20 
tbS^D y'?m-%%*JnMZ-&k. HI 1 (B) fcjjrf- 

hV >v<-* 4 4*S^>'^1i(D^|C^7^£ - 

[0 17 (C) ^-MU'KfiT-^O:/^^ 5/ 

^•CfetJv -<<->v<— *4 9 tNf.t^;HTFT5 OS- 
tfP^-V^SiTFT 5 1 k-Vm&Ztl. N^^m 
TFT 5 0tilid:j?n y^fifCL^ P^-Y^M^TF 
T 5 2fcttR(Bb7b^n ^(IfCL' -ftXA&h'S. 
X±n;/^^ ^©@8gfS#7*5 2'©at-*£*i,3<, ^ . 
<T>T1-v#X'( s^fiHll- (B) lE^SHS^ni 

[0 17 2]. 011 (D) {C^-t^fSNANDlHlSS-efe 
0V Pf ^/VST F T 5 3 ,"5'4XU!Nf-.t^;vaT 
■FT6 5;'-«6*?i|jtSft5, N AND|elSS©te]ESIE-g- • 
(i5 7©«(Cg$tvS. Elll (E) {wTjrfWtt: ' 

NORlslS§-efc !?., P^**A>£!TiFT 5 8\3 5 9&tf 
Nfr*MTFT-6 0, 61-C«J*$ix5A NORIe] 

»©iaisiB*t±6-2o«fc*six*.'oai-i--<D) fc» 40- 

$ tl 5'N A N D ESS t4A*«*Oli3a«ORte«-i|- £ W 

73U mi l (E) K^$ft5NOR@i£UA;6{S-§-© ;■ 

[0 173] fcfc. 01©T*7^^ hy 
T'U-r fc*5V>tV V-Xtik 'K?W!'^I9II 1 0 3 

JffitO^Hteoi^T* Hi 2 SrfflV>TifS*^PJi-5 0 v ■ . 
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[01-74] 4"t\ El 12 (A) tU's^fm 
-fWW6 3, ^ d 5/^ K-f >v<— 6 4, 6 5«|i 

6 3 ©flligliH 1 1 (A) ;'• ? uy? K-T >v<— $ 

6 4O«iStt01 1 (B) ! ic^i-illvl^o.TV>-5„ fc 
3b\ ^ U:y ? KW ^ '6 5 fi^ n y ^' hV # 

—9 6 4©'ft*?»)»C-Bll-l'» (C). ^i-^^T-^-n^ 
[-0 17 5] *HJfiM^^-rfll^^f*NSB t 

'(N+i-O'-afffeJutttflr^HH-i 1 (D-}''WiSh5* 

4NA N-DEIR 6 6 TSSil^to T aj^Ji" 5 Wiffitfi 

s/ 3?sftMiKife so . ©hkwic 2 mtDmshmmm-cM 

[o'i 7 6]."*is; •:^7-R>f'*2^HiS*>&mA*ixfc 

a « v -< ^^^'-^^ 6 7 Srf Ijflf UCft-^ a't'Sfe $ H 
7tfg#a ' tfd^-JtfetvT, Hi 2 : (B)'tf $^57 

y-f-Wfr^tmtr. *LT, fS^§- a listed Hfcm-i- 
a ' -ttlGBco^y KB-f^e 8«K:ttn$^-iftg0D 

7 6'9 ©>B.s/^«^i LTA^$H5. ^*3, f 

[ 0 1^ 7i 74 We," 2 » W<0^7 yf: t 0 O y ^ 
b *litf b:' ■frXtl'tZ k ; «ft (NO) ©7 ^ 6 9 

©^» i,x\< *tzm-%-&— &\z NiB©.7 : i/# 70 ^ k m 

tfo -t U"C> 7 y-f- 7' 0 }Citt'A/fc{& ; §-f4-l' V/'^— 7 1 

-di ' {c^ft^tuSc i^i±*W«**a:Sr«t 
[ 0 1 7-8-1-d 5 Lt7 y^lalK^fem^^ixfcif y h 

m-f (cf; di • -Rxftsi ' ; ;d- r " •• •;) iigii 

2 (C) lc^'$ii/5D/ A 3..^<r-^ tCittfo 012 
(C) ■ D/A a y^^-:? tt5V.vT, T&V# 

*<iy*T2 (Hl l (C)-#fig)-tttf.y:hm^-i666 8 

*m 7 3 co^wk -mm : sp*>'n 2 *fc»twj^Mu?, # 

[ 0 1 • 7. 9 ]. **J£fi?!l OD/Aay^-iS'.liaOTt 
n fXsfy?- 7 2 5r&^^5c t T*N 2 *©T-7-n 

7- 3 %m&m£f%^&&mvm-mi&k * 

-. [.;oa s 8' 04~3lTfv" ^st' bit 1 H-nB/*>ft)-©ltrjy h<f •§• 
(cj ' )• Sr^JfCt^o Hi 2 (B) -©7 y^- 
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*±R (1SI) fclffi-SN 2 <@©T^n ^y(.yf-±X 

o r ^jrib Ms t> , . a a & * 7 vtm t tt: z> w&Nc £ 

[018.1] 6U;©W=;LT?, 2©S©T-^d^^^ 
^t>. 2 nd: bit line • ( d'RTf.d ' ) *?£>.©. f »5f hff 

[ 0„1\8|2]; 3.a.&^-fc£Jl±©«.ftKW-*?.4$iX, & 

■ [ 0,1 8 3 ]Jk\z s Bl ©7^f-f ^ K!l 

. [0.1 8.4-] -Hai:3-. (A)it^©tt<SiEtaitlftSl 1 4 
.^fc:*)^ -4iO©N-AND,lH]K'7..5 (01 1 i(D) # '• ' 
fig) . 2 0©^!^^^ 7 6; (121 1 1 • (A) .#fi?,) 4*fl 
^#fe*Tfll^^5o .*fc, -L P F .1:1 5 ttffltfBJfc®: 
4 0-ta;**B?>fcSBtt;$^SS»l:7--7 iff 7 8 fc, 
' ■ ■■ ' '•■ • < <-. i . .i 

[0 1 8.5] El 1.3 (B) \Z:^<Dtemmfflfflm&M.p 
•ll:8?*5Vf>/^7:9-, NNAD[USg80, N 
.DRE8S-8. 1 • (HI 1;1..(E.) : .#R8) :J*^r^TFM^ ; 
T 8 2^aN^^^/vMT»F,T.8.:3 &tiB.fr'&t>1kXm!$. so 

[0 18 6.] W 13' (GO J-^Wtt^^l-Vil 7T'fc 
.9, T-F/F ,(1^7;!) *z!#7PiK>a)'Wi*i8 54 ... 

F./F0K8 51*2 a ■;/.£ M^-^ 8.-6,. 8 7&tf 

[0187] EA±, -^IBKWttBI-i o7^r^.7*Tfy ■«> 

* ■? W idffi^ii tf BB&flljSteov *X®.W 4*T 

.<>%*■ ••L*»U\:--01.-1-'.( , A) (B:) -'• 

5 rtds-ct/S'.- v. • • ; •• : • ; 

[ o r,8.8 ] -.dtifeM5] *mMmxhmA..m '9>>*m°< 
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[0189] 4"f , 1401 ±fcfiH4S 14 0 

2, 14Q3t»J*t*. ^rL-C-IMB&JUSf (#©^\ 
<Y hlfctjMS): -1 4 0 ^Sr^Ufef^ tt«t5c*©^y* 

*fTV\ :iSttJi 1 4 0 2, 1.4 0 3 4;«801fc: 

Wffl-rs^y a^aHRtM^-e-Si irf-x-it urn 

[0190] 1 40 2, 1 403 ±\ZT 

T) *rJK* t, ,-¥:©«> 3.%©^^Bfc*:*A/.«^^' 

1 40.5, 14 0.&Wt5. -tfc, IC>T'W H 
M 1-40.7, 1 4 0 8 &Mfe1r. : S< > 
[0191] r 5 LTIH 1 4 (A) ©^IS*s#bn^. 
*^r©^m?.S^,l 4 0 2 , 1 4 0 3»^bT 

^ J. F T P ^ ^ % ; • p 0- v * f^W. T¥T\z\-t 

!X@fdJ:»)NS^#Efel»*K 1 4 0-9, ,141 0 , Pl^ 
mVofc® 14 11, 14 12 &MmZfrZo ..■ -: 
[0,;l l 9.2] ^jW^.*^©.aA^.T?b;fcb. 
3RJPJ;.4 1: 3.4 0.5~1 M m©/?${^^iT5. 
jfefi^tffi^CVDft, yf^X-^G.VDjifc, ^/^-y^ft© 

[0193] Z.0 Lti 1 4 (B). .OftfeVft^i. 
HI 1 4- ; (B)': ©^IS*s#b^fce>, 9fctc£fl2£9Mt 1 4 
, 1^3 4.^iy y. tmxc m^v^/f^X... : h« 
M 1, 4 0'7 ■, : 1 4 0 8 ©ffiiJ|g^©^.^^#$itirSo -© 
XSfC«t*)V ^^f Hffil ; 4 0 7V.rr4*0'-8.©ffi!)St-H 
ft!*;*-— 4 14. V I 4 15i«^5„ 
[=0.1; 9 .4 ] vv-.l, 4ll 4', ,14 15 

. StJJ^'fi h-m® l'.4i0 7 ,? : 1' 4'0'.8».4-^^ ^. ^ LT K5 

r.cilt'J;^ B1-4-. (C) ;(c^-r^<c^T- 

y-f hiffe^BSl 4 16, 14 1 7*S^$JX5„ 
[01-9.5] *LT, mi 4. (C) JC-*i:tt«ST?StjqF 
. ^->©&X4fTite 5 . .V3 (OH *xftSM8 1. $fem 
©-f tyjtAISi: RWIfcN^ir*-A«T ETtPft 
•^STFTt ^ft-b^llSo -^ fc, ' r©^, ■ K-Xfi 
. »i3tm©-r^yj4A©.K-^X4>9 tiS©.i: LT*3<„ 
[ 0; 1 .9 6 ] ^©vi*^aA®S, -U--f ; K7*-M4 
14, 1415 iST©^^ 1 4 1 8 ~ 1 412 1 (i-T ^ 

•*V}. ^Udi U\?pffitt^Ml«4^2*~ l"4v;2t5 f±$- b 
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1 4 2 6Si;Pf-t ^>V§tf T F T CD V — ^ 
fR$ 1 4 2 5. KW ^fS« 1 4 2 4V i&m&^mVom 
il4 2 0, 1 4 2 1\ 5=--V^^^«cl 4 2 7 #78 
J* 3*13. • (HI 4 (C) ) ' 
[0198] £*±<DXfl£&Tl2] 14 (G) • 

feHfcfe, 300' AcDJf:3coiSI^L-^v>^^^'^7 L i>'0^ 

1 4 2 2 , 1 4 2 5tJ it? K i^J$ 1 4 2 3, 1 4 
2'4<D$m\Z.# T.T^**/ )) K1 4 2 8~143 

AW" »,:;.. ' f 

[ o l 9 9j mmn&umi 4 32 k vxmtMM 

Ig&SOOOAcoff Sfc/fcttC; y-^JS 1 4 3 3, 1 4 3 
4, KWviWU 4 3-5&gjfti**. Pi*^ K 

y ^>lHl?g$r^^5a®ST V v ^2cogr^^JKl 4 3 

6 , |g 3 OSnKtUi 1 4 3 7 ,• '»'-4-(0«miftCMK 1 4 
3'8#J8^3nS. 5 '1>TE1 4 CD) te^tCMO 

[02 0 o ] t f t ^mmmx^H-m^mm w v ■? 
<<■■ vmm t -r*> t y k u-w >-mn#^^ 

y K 1 4 2 8 ~ 1 4 3 1 Sr#'Lt : y-^/ K W v; 
«Wfi«IIW^SOT*jMff**— ^' y * = * h SrHgt- 
T-#5 0 tot, «^f#/h3<^tbJlJSt»©iSv>|l]KSr 

- ['0*120:1] . mmto&y ^njfeMx-ttm s,. E9 > m 

1 .4 Sr^V v-ttffiPJ Lfc t>ia£ l±I*.5^SllTCMO-. 

53?**R 15 0 l!±fciSttfi 1 5' 0:2 , 1' 5i0 3 , 

F^fel 5 0' 5\ r &O 6 Sr^J5fei-5i (HI 1 5 
(A) ) : i • ■ ■ > ■'■■ • 

[0 2 0 3] 0>1 5 (A) ©*tlK* s #bH*:'B» 
CD^fgrC'SttJi 1 5 0 2;. 1 5'0 SfcStUT^mtt* 

XSfiP -(^t B'-f *V'trWWfc«arUTfT 5 . * . 

ltv^o-t #^aAi®»c«t <? NsmnwatJ* 1 5 o- 

7 , • '1? 5 0<87-* P-S»5f;i»4Sj«i« I" 5 «0»9 , f 1>5 1 O&W 

.[0 2 0 4] ^mm* ^©sajwt vta*-, i 

«©lS-CKfti#f 1-5 0 4:S:X5)f y^b; K 

1 5-1:4-; ii'5,i , .ff*BH*s- (o izm-i-^mx- 
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[0 20 5] -t LT, Ell 5 (C) l:^tU5lTB0? 

O-Y *V2EAIfI£ IHfilfcN'r^A'ST F T £ P^-r 
^H!TFTiS:jTt>^»tS. Sfc, K— X* 

li3feSo^t^A© K— X*.fct>t>-S5it>i Cx*5<„ 
[0 2 0 6] i 5 UTN^-^^vSTPTCOy—^ffi^ 
1 51 6 , ■ K W 15 17 % -'{eftdE7*&4bt91t 1 

5 18, 15 19, ^^r^«f«l ; 5 2 0^yPf 
^ T F T CO y — ^.-gg^ 15 2 1, K l^-f 1 
5 2 2, 5 -2 3l -1 5:2 4, 

wmmm 15 2 5 #?8j* 3 *i/3' 0 - • 

[ 0 2 0 ?] Il{af5 i:/T tfc«itfyt^ kx 

5 '1. 6 • - •1 5 2 2 fe i t? K W Vffi^ 1" 5 -1 7 , 15 2 
1, ZblCliffj hWMl 5 0 5, 1 5 0 6'WJbB^, 

^ y f-f k 1 5 2 6 ~ 1 5 3 r w^tis. 
[ 0 2 0 8] :&(£•, fimtftlKR-'i- 5 3 2 £/&iSiu y- 

'^iSftl 5 J '3'3,'"1 5 3:4,- KWTVi&Mil 5 3'5SrffM 
L, ^2i'©JBIS3iP6«R'flSl 5'3';6'v : ^3 0lF^Sil 5 

ah'^'si^ ©jiroifeUfflt 1 5 3i8-sr?8fifeL;Tig 1 5 

(D) •fc*i-CMO--3*3tSrW5i- '*ldfe«©»fi-fc. 

¥-9 v- y ih'-fiiK*^ 1 vxmmt t ft 5 v 

'iil ; 5 0 5;; >1 ;5 &&WjE\z^>?l*i/.}):-yf< Kl 5 
3 0, 1 5 3 1 *s»j*$ix5<0T?, H*|'k:*»*»5A 

[0 2 0 9i : inmw7i *i&m%mteirz>iz3bit<? 
x\ mmrn i ofa&y&m ufttfa^r : n.,\z±^x^n 

[0 2 1 0] ei2tc*st\T, in 2; (o fc^^i® m 
^o.^K^sijK 2i=o 3 -mummm 2 

0 3 ^^*b/cP>, Kr F (jfcR248nm<0 V X-'e C 1 
(&ft308nm.) ^SrlbM^ i LTflJffi Lfc^->-^ U 
— J; 5 T=-^Srtf -5 „ : /<e*J; y-*— r= 

[02 ri']ttEu-f--.7=-;naoT, --iftfi^y 

' -T^ x^iy*-^ h y -A * tZ-u-Y co-yiX^. h u 
[:o'2^2^> fe«.U' W-SrHKS^ii^*-it> a* L - 
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[0.2 1 3] ■^tc,.mmn^i'tcJMt^mmm<D 
thxh.mt>^\ .-£©*§-£% zb\zn\<>'£&viL<Disy- ... 

[ 0.2 1.4 h CHJfe^!l8 ] : *^JS0ijT'fi!^M¥7-13O652 • 

bnMW6<Dt°hb<Dmmk^®*ib,Z>m&K^^Xb; • - 
^%ixhz> 0 : v: ■•, • . 

. [0 2 1 5 ]:H];1 6 (A) lC*SV>-C.\ ■< 1- 6 0. lf±*felt* •■ 
Efc^-fSStK (tf7*mmiZjtltt$£&ffi.) :, 1 6 0i . 

CK^tm ^1.. 6. ;0..4<»±^ s> 7 * JB &* 5 MMt^*J» (ftfbf 
i [ 0; 2 16 ] :.*fc\v 1 '6 0 h-^^. ^ Xib K> . 

[o 2 17] z.fr%<r>%%m%WbxWmtii'^~- 

ffo&vSMtfrZi/O.X 0. pl^l^Oji/itm (ft^iHj.fcifi 0.1 
~0.35/xm) ©* y. -y,!HS.-C*feb^7C*<O^PfS«S:?F^' 

»; [# 2*1*8 ] - UX ^ Klf 6 ( A )- ©iE© HI I- . • 

fc;'^^">y?:3,.x»jpi'6 0 atwty/n?/^' »>. 

S„ fO'fc»> 'fya^Mlj 6 0 3 «t»tettJ3fJg©«ftv. ,'• 
■ (^b<.tt 3/XvlO 1 ?^. liSX^atoms/cni?.) fttft - 

^m&maz.frit&mi 6.0.6 jw*j&&ft$>. **s, w ■ 

•SEAi&.©*as#*LV\, <• • ! !•• I f v. J 

[ 0 2 l! 9. ] V* fc, #Ht£0>K* W7< y y.-rM 1 6 04t -. 

2¥M>K&?-.y 3«V#Bt-i- 6 0 3 SrSv >;v<y.77.1 1 6 0 . 40 . 

4*ifij§L7 v ctei«7C^<O^^Jffli-5, 0 ^<Dtz.t>. &© , 

16 0.3.tettUt;iE&Si&>)fcV> o !.. . ;. : •■ ; 

v.(2.) r^VT'n^WvVl 6 0 7©f— 7fitttjff©3»- ■ 
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i-S^Sf#,*>afc.«>Setl©^fiiS^:f < ft*,;- 
[0 2 2 1] ^fc, . r©JKJPtt/<s/7rMi LTi*©i 

[ 0 2 2.2] .4;fc,-.tt©HltJKllBi Lt. ll 6 (B) 

iv*ir#**akpfl!6"?*>$. 016 (b) , 

v: y =>.v^JKi 6, 0. 6 ^tmsa-t^mxh 

K) . i'P I';B .(Focussed Ion Beam) &^.©^IIC#^B^^ 

.9 h.<D?*\z/( nr.^mmx% zm£%m*mmir?> r. t 

[0 2 2 3] ^©5EM0UlfiT?.HtBl.li6.-.-(.B.) f-^i"^ 
m^ ^^—J^ l- 6 0!8'tr J:oTiE^tc/^i?- 
; >-* 5 »ig!$ FrM©4£a^@fa©^T?ttSE7clS©^ 

l v 6 0 9 ?r^-fn-5 r. t S' 0 r v . 

. ;l!0 2 2.41 •&±&mfe.c &m&Wz «t-tfef$j^7C*© 
•^Pta^©.e&0..01^1,0-./t m :(^*^3(5f4. .0, 1~0. 35 

^j*&^FaM<$zm*,xm&®K^m®*mmir 

zz t hx w±<D®g:k lux^mWc^Wm-r 

[o;2 2 si . m*wMt*mma™tmT&m$tjfimm 

Sril 7 fc^.v-B^TlC^iTflWo^feVv^:.,; 17 0 
1 ;■ 1 7 O 2.ttettil, , 1 7, 0.3 . fl- 7:0 4.f±y— ^ 
1= 7 0 5;; il 7^0 a 6 1 7 0 7ttV— ^ 

. »i 7 1 o.6 k SttSi ( y i : 7.0,'2iO3y^ 

^ _h«, .l:7 0 8f4SSlWElSll.7O9 i:ism» (FW 

^««) 1 7 o:2.i©.3>'^ MB,. 1 7-i.o tmne 

il.7;0 9 t®^m® 1 ! 7 1 l>k:<D*y#:fi VnXib 
/••So' .'■• •• . • ■ - ■ 

[0 2 2 6] 1.7 1 2tt«|)bS*-efc?), »»T? 

^$tb§^7->^-7^^1 7.1 3 &«RBR-1:7 0 9 t 

s&m&lrzmmxM&.iLlriSo Mtz\ 7.9 l 
' 7)i'.$xm%£*iten&i$i,:l 7,1 4«qi1Mt$Mtt2:4: 

.,[0 2 2 7 r*||Jfe«|©#*Bee*fifett, iWKWKtflK 

•C±<4 *:t4T»cifiJ*? ttfa) t.« *«* 1 7- 1. 2 SrM^ 
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fl500A< W£ V<i1S 3,0O~80O .^^ti1?.#|!H# •.: : 
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I0 2 2 9 J rjiboiftr^^-? h y 

[0 2 3 0 ] SiiS*^^a t KltMS^Sa i: T*T F 

1"7 1 T) t \JX\ TO*(Ol?ei 



7K*5if2>sil!Stl 

«^ttfl-*ixtf , Av^.' : *fe Kits 
IE«;-B*«ttl'7.l : l' (*fettPf*'«ttj-.-7 1 1) il 

[0 2-3 ll'roSC^ #4>TFT : «5t££>(k£-tir;h, 

HSMiijEWt^ifBWtSS^SWET 1 4 ^*ittt54ft»*«l 
il714) Oifc»*Sit5'«*»'t!irtSiiTV^ 

[0 2 3 2] . mmmi tt"*»5st*'5-^Bj?x^ 

•V s--^S}K(B***«KjgM UXMUfeWM £01 8 
(A)- izfjk-r, 018 (A)- fi ir&®tt£'<*A't:fti* 

fc^S^n v?^ ^ W-^ilT-fe t) , e&3tifg 1 8 0 
l;'UV7-f*#- (SfcttJIMft^-f./W'-?) 180 
2 , 1 8 0 3, l r 8' 0' 5 , 1 804, 

SK>VX1 8 0 6T?MJ^. 8 0 1 £ 

[0 2 3 3 ] JKft^/n-.S-oUtttfe^cBi-e^S' 

'*b««ltvR (*) ■ KSttS LfcMifcSME 1 8 0 7, G 1 

m) fc*rJ£ ufcBJKltt 1 8 0 8, b (W ) L 
&mi 81 at, R ' *);i:»j£:Lfe*7-7w/v^- 

1 8 1 lv: G' ':(») t^J&LfcTJy-^W A^-- 18 1 
: 2 , " B TO^ftjSUfe* ? — 8 1 3 #78 

jftsjvfc»iai*«i s 1 4 ^omicffiiAJi i8i 5 

• [0 23 4] ^•±tS«JSto^fc : t«*ft«l*i-fa' 
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Mm LTRGB^»l£;-t-«*Iii*tH«fc*3fc1-5*j5feSr 
[0 2 3 5] ft, BI18 ( B) fiR G B ICjtffS LTt 3 

h<0, fife» 8 2 0, UV7^;^- (*fcf4«MR 
7^*—) 18 2 1 , ±Slt^9— 1 8 2 2 — 1 8 2 
iV'^ ^ o/f y ^ * 5 - l 8 2'5^'r8 2-8 , ayf 
VfuyXl 829~1831, RteStt&LfcJK*'''-* 
1 8 3 2 , 'GkMJEfi: Lfcifcfft^i'l' 1 8 3 3, B KM 
io j£ Ufcttft-^^^ 1 8 3 4 , 8 3 5 1 1?* 

' [0 2 3 6] : /«cUb\ 01 8" (A) , (B)>T*Lfc7'n 

[0 2 3 7] ^©7^7^^ Ky ; ^^.x-r^7i/ 

■ [ 0 2 3 8 ] 1 QKttMi:'2 ] '*$glitt£gffi0>l lll^l 

- [ o-2 3 9 ] &%Wt:mm Lt£n&ft^'<'4 *<DM<D 
■fflkLXli'&V?^) (f^;v) ^ 

' -•• - - [ o 2 4-o] ■m&$~ XX) T iZ&sX/V^t?-&~— 9 (^e 

-b*>lxay>t^-'^) -T-fct), *#2 0'01,-.*^?i 
2 0 0 2 -v S&gB 2 0 0 3, 'i^^. yf 2 004, « 
5%Sat2 0-0'6-:^«jS*H«-i 2 0 0 

5 \zmmi>X&iji=il* b a -/HSIt^«J|[|ai8«f Sr»* 
&tf ^ t -C-7J— KS j e>^'C ^a i/b"^— ^ SrUa L 5 
5. ' ' ••• 

[0 2 4 1 ] 019 (B) \%^yY-?V^ , y<T4 7.-7\<' 
' ■ JXh?), *fc2 f 01, *«RKfe:li0i2l]/<^K« 
4d 2 10 3 T-^'S'tuS; -**W«r**3S1i:i2 10 2 {cii 

[0 2 4 2] 019 (C) i ^gW^T 1 
. A-Cfc t):, *flE2 2 0 1, ■m^mm^O 2:, Sftf^^> 
S/^2 2 0 3, TV7^2-2V0 4T-»£ih-5 ; o 7J— 7" 

4<5. *^BJ*«^fi2 2 o 2 KSffl-f- 

so [0 24 3] 0.1.9 (D) tt^«mtS^fe!J,'*{*:2 3 
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0 1 , *J*ittfjtt 2 3 0 2, ^PAtin 2 3 0 3, £5* 
j]£g2 3 0 4, tfcfM'W zf2 3 0 5, T^7;±2 3 0 
6T*«^$n-5b 2 3 0 4ldfflt5 

[0 2 4 .41. Ull 9 ■ (E)Jit'x^-*^ 7T*fcO , 
2 4 0 1 V 2 4 0 2, * J*X*S» 2 4 0 3 , ft 

ff^yf 2404, Aj^f D-2405, SHS52 4 
0 6 *t 5. #38K«:»*SS112 4 0 2fc»B-*- 

[0 2 4 5] u±<om\z, *55W©J«:fflgfiHl4ttii>Tl2: 

ifcft; *<biM <,ft ; 

[0 2 4 61' • - i 

ft«*K«^ t>fc fe."W**»!:ov \-C5*'*a.Tt <DS*S. 

Wti±, )tt^7£*^fiJffiL.T^^kb7t^'svy 

[ 0 2 *4 7 ] nk#l Lfc«ftff»ie-CJtfj«-S*U 
5> ->y. ^v^BS^rffl I ^fc TFT tt^ifeffi v'y 3 v^rffl ^ . 

* «HW-f 3 3Wft*s fc *K TFT Sr^-fk lS*C fc -r * A" 

b().WA^.^ft«ft^jiivMtte^^^«afc» 

«««HBS!T F T t iSBJE^ttS! TFT b& |BJ-StR± 
K»J«i-5 £ t *s "Tiet ft 5, 
[0 2 4 9] ^•■r^K-7 r jfelC*5-ift<« 

(d aztftfj Ymm^wm. (t) 
mm<omm m §rnft5t©ti-5 

[ 0 2,5 0 lr«.±©£ft»*fc#&ftfcsfc"t\ tttr-lj 
m bfc p BBft /<-0SS*5 £pjffarr 
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[0 2 5 1 ] ttpT^f-f^ h y t7.^f47.-7\s 

h y ^^iHjss j ^.K7'<^-iHiss^t-{c, 

< ft feftv^*liKSf*.tuS-o-C. 
fct><Otft?>„ 
[0 2 5 2] Wi7^r-f/-7hy^7T 

*jmx'hz>' 0 '" ■ 
LB 1 1 Ttfjj* h y>^^V^^w©ya 

[B 2 ] 
[13] 

[04] 
IB 5 ] 
[B6] 
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v- y 3'^4MotiriMffift£S%^T em? 



TF T©«M#14* ! ^i-Bo 

GMO S «t t^iiiS^wllrDi^^i- 



im 7 ] . ,±ffi^b*fq®*'^Sr^i-Bo 
[B-81 CM6S«56*jJ:"lfH#««©^«lS«: 
^i/Bo 

[B9] CMOS#SBEfeJ:aW*««©^illieS: 
^i"B« . . . ...... . v. 

[BIO] [E]^cDBa«*^SrIftPJi-5fc:«)OBc 

[Bill ' S^WftBKSr^i-B. 1 -" 1 

[B12] *sp3fe6fflK9-</<-BlS*WM-*-5fc*t) 
»Bo 

[B131 D^y^'ir*riti-5ia!SS:lftW-*-<5fcft© 
B. 

[B 1 4 ] CMO S«Jt©f^»ISSrS%i-B. 

[B15T 'CMO'Sil36©ffill3ta^*^-B. 

IB i e] ... .^^.©abp^W^ttwr 5 7t *©b. 

IB 1-71 ±BB*»Bj!.fcB*««S:^i-B. 

[ B l 8 ] 7* o .i>'i ^->a vM^^S@to*^;S:^-f 

. «• • • • v I*** — j 

Bo' •• - ;'• "• - • - - ••• • 

' [bi 9) \&%%,!£7 ! /<>( ofsmmzm-rw 

10 1 : ~— 

10 2 
1 0 3 
10 4? 
rl#0t5s 
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8K:*ivyc. lIMBffiJSISMBlliSTFT©^ hlft«MRo*Wtt^_Qjim£AT"t?*>--!)\- tMBiWSffllHHiaTF 

[»*«2 0] 

HMfc©;/*-.***- "tt*©^ +**feJ:uq*«©TFTi«:*J>*< tt>-^/uT-*^$tuSlii*-T f y ?.*m&k. 

»#JS27?/S5, 7, 8, 10, 1275^15, 17, 18, 2 0 CDV v-fixA*— Kfc^T, ' ifJfBv-y 3 S 

5iiir»tit5T^f^^ hy ^^-f^^W. 

fJK*!2'2T* r '•' :: •• •• ' • y < -'■ ■ ■ \ ; • ... 

17!>M5, 7, 8, 10,'l'r7JIl'5\ 1 7 , 1 8 ; -20 ©V"»-f jx*^fc*S-V>T, -IfflBfliafcO-T Fi "T- S:#J* 

W^S'l'T^S'Si '7, 8, 10, l lTi^lSv l'.7,. l 8V • 2-.0-<DV^«tl>39*h»!:»SV^i- W1B«»©.XRT^*^ 

[I*Jg2 4] .: •■ • . ; '• • <■ . . ; ■.'> • ■ ■ . ^ 

SfjfcJg 1-75S5; • 7 , '8 ; 1 0 , Vl-JSWl S\ 1 7 , ' 1 '8 ; . 20 ©i^n^z^^x, 'Mia^^t^'KjS-r^® 

iSfi: LTN i , Fe, Co, Sn, Pd, Pb, Pt, Cu, A ufrbM&tltc— miZtz.\iWkMM<D7tm$LB. 
• [»*3*2 51'.*; V.. • ; • •• •" ■ .v;.V -•- •• - • ' •' , ;V A --• • 

[«*«2 6] 
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B*B«ttff .(JP) 

a^sftstrf (jr) 

B#@t#ftlt (JP) 

........ .... . . B*@m*lf (JP) 

Hf #9 1 5 , 7, 8, 1.0, 1175515, 17, 1«, 2 0©^-fH^-^*5^-C,.S&IEv'y ^Prll^cS 
CI, F, B r d»fe»»iixfc-a*fctt*»aa©5c*i6S 1X1C)15~ l X 1020 a toms/cm3 <D«ST?f f^^^?i J ^ 

mt-rST^^^yT h y ^^^V^r^-Yo a*Bft8*rf(JP) 

[»#JS2 7l ft gf!¥ 10-1 97897 

it*9l75S5, 7, 8, 10, 1175M15, 17, 18, 2 0 AWBlSfROT FT^flljS 

[|f*3S2 8] 

SS**l7ilE5, 7, 8, 10, 1175^15, 17, 18, 2 0 (D^-fftA*— K*5V*T, ttrfSiS^ h V 9 

tt-r h !i ^^*tKJg*$ixfc**Olii*««-C«J**ix, KM*flB«fcf4 2o£il±©TFTSrl5Hft)JciS[?l|fcaailtL 

[tf*3S2 9] 

ItsfcJS 175^5, 7, 8, 10, 1175M15; 17, 18, 2 0 Jdj3tsx < MfEWfff-v h D ? *|e]& 

[ff#Jg3 0] 

\z&\,^xmffito®&1>*Mi£ZiriT^5zb&ftmbir6T*Tj hV 9*f4?.zr\"(, 

[«*S3 1] 

ff#JS2 SMC^T, fiftfB&ftEiM l±V-^i»i H— WPk *»o, ISI-©*^rit*H-C^5ri:Srfl«Ri:i-ST^ 
[«*353 2l. 

W#JSl7!;ig5, 7, 8, 10, 1175^15, 17, 18., 2 0 (Dl^T ^ = IC*5V>T, lit) IE®* -r h V V *EE§ 
JrMtSMOTFTW^tftli «WBK9-('/<-lHllS*fcttoi?y^|g|SS r fl|jft-t-5||ic<t)TFT©rt, £ 

[W#«3 3] 

fll#Jgl75M5, 7, 8, 10, 11M15, 17, 18, 2 0 <DV^tb*>— lC*Jl^T, WIEd ^ j/ t LT 
LPF , VCO (ttEfHfl@>4SS$) , *-¥jfeatfii*fi#, SB*S 

ffi^S^, D/Any^-:?, i/o#-K lt7y^> Or^Tls?. =*1"<U—? S ]} <o b V>ft< b h 1 
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